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ANZASTHESIA 


ADVERTISEMENT 


*Fluothane’ 
in neurosurgery 


‘FLUOTHANE’ has valuable advantages 
in the anaesthetic management of the 
neurosurgical patient. It has been used 
successfully for intra-cranial opera- 
tions, surgery of the vertebral column 
and spinal cord, and for radiological 
investigations. 

In this field attention has been drawn 
to the swift, smooth induction pro- 
vided by ‘Fluothane’, the absence of 


respiratory tract irritation, the dimi- 
nished bleeding and freedom from in- 
creases in cerebro-venous and cerebro- 
spinal fluid pressures. With these and 
other significant characteristics this 
non-inflammable and non-explosive 
anaesthetic is now making an impor- 
tant contribution towards improved 
operating conditions for the neurosur- 
geon and greater safety for the patient. 


Fluothane- 1.C.1. discovery 
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ADVERTISEMENT ANASTHESIA 


Anew 
name in 
anesthesia 


‘Numorphan'—dihydrohydroxi- 
morphinone (Approved Name, 
oxymorphone)—is a new morphine 
derivative with potent analgesic 
properties. ‘Numorphan’ has been 
found to be extremely valuable as an 
adjunct to anzsthesia. It offers 
these advantages: 


* It is easier to maintain a smooth 
level anesthesia with ‘Numorphan’ 
than with pethidine. 


* Postoperative recovery of 
consciousness is earlier, and 
the incidence of coughing during 
induction of anesthesia is reduced. 


%* ‘Numorphan’ is 60 times as 
potent as pethidine, 15 times 
as potent as m rphine but only 
1.5 to 2 times as toxic. 


* Long duration of action. 


‘Numorphan’ is available 

in ampoules containing 

1.1 m1. of solution of oxymorphone 
hydrochloride, 1.5 mg. per ml. 


MODE OF ISSUE 
Box of 6 ampoules 7/6) Basic 
Box of 25 ampoules 24'0/ N.H.S. prices 


Further information wil] be supplied on 
request. Please write to: 


(BDH) The British Drug Houses Ltd. London N.1 
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WINSTON INSTRUMENTS 


™E BLOOD PRESSURE 
FOLLOWER 


for the continuous 
recording of blood pressure 


Records continuously the systolic blood-pressure 
in man over long periods of time without the 
need for arterial puncture. May be used 
in the routine recording of blood pressure, 
during and after operations, in drug 
response studies on hypertensive 
patients, in fact in all cases * Console 


cabinet on 
where more than an casters with antt- 


isolated reading of blood static rubber tyres. 


pressure is required. * Top case con- 
taining equipment 


has sloping 
instrument panel for 
easy operation and 
reading. Case is remov- 
able and can be used as 
a portable equipment. 


* The bottom section of 
the console cabinet has a 
drawer in which the recorder 
is mounted. 


* The biank panel below the 
Pen Recorder can be replaced 
by the high- and low-pressure 
warning and contro/ panel. 


ELECTRONICS LIMITED 


GOVETT AVENUE 
SHEPPERTON 
MIDDLESEX 


Telephone : Walton-on-Thames 26321-8 
Telegrams: Winston, Shepperton 
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BLEASE of LONDON 


Now available in 7 Models 


THE “‘PULMOFLATOR” 


(Reg. Trade Mark) 


LATEST FEATURES 

Cycling of inflation by ‘pressure’ and ‘volume’ or a combination of 
both. 

Positive and negative pressure phases. 

Patient triggering device for ‘assisted’ respiration. 

Resuscitation with atmospheric air. 

Standard models (respirator only). 

Combined models (combined with anasthetic apparatus etc.). 
Large capacity pump unit to provide up to 140 litres of air per minute 
for a rapid inflation. 


For full details write to 


BLEASE ANAESTHETIC EQUIPMENT LTD. 
RYEFIELD CRESCENT, NORTHWOOD HILLS, MIDDLESEX. 


Please note slight alteration in telephone number Northwood 22413. 
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The 
BARNET 
VENTILATOR 


A versatile 
new aid to the 
anaesthetist 


The Barnet Ventilator is a portable automatic respirator used in the 
operating theatre for controlled ventilation during anaesthesia. 

It may be time cycled where the patient is completely relaxed, or 
patient cycled where spontaneous respiration is retained. 

Lung ventilation is achieved by alternation of positive-atmospheric 
or positive-negative pressures. The Barnet Ventilator provides 
simple control and direct indication of inspiratory time, expiratory 
time, respiratory rate and tidal volume. 

The equipment can also be used in the recovery room or in 
medical wards for long term controlled ventilation where 

treatment of respiratory insufficiency is necessary. 

The portable weight of the Barnet Ventilator is approximately 56 Ib. 
It employs a transistorised control circuit and operates from a 
built-in low voltage battery, allowing 20 hours continuous 

use before re-charging. 

Please write for full details. 


W. Watson & Sons Ltd., Barnet, Herts. 
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PAIN FREE 
BUT WIDE AWAKE... 


Morphine-like analgesia without narcosis 
— with NARPHEN 


Narphen can supersede general anaesthetics in emergencies, 
minor surgery, orthopaedic procedures and obstetrics, 

when the full co-operation of the patient is needed. 

No elaborate pre-anaesthetic routine is necessary. 

Out-patients can be sent home and in-patients back to bed 
without lengthy post operative observation. 

Before, during and after general anaesthesia, Narphen controls 
pain efficiently and safely. It produces less respiratory depression 
than morphine or pethidine and does not cause hypotension. 
Narphen does not induce nausea or vomiting. 


FOR DEEP ANALGESIA WITHOUT NARCOSIS 


Narphen is snp brand Phenazocine (2’-hydroxy-5, 9-dimethyl- 
2-phenethyl-6,7-benzomorphan hydrobromide). 

Available in 1.1 ml. ampoules each containing 2 mg. 
phenazocine hydrobromide per ml. in aqueous 

solution. Boxes of 10 & 100 ampoules. Basic N.H.S 

cost 1§/- and 120/-. Exempt from Purchase Tax. 

Subject to Dangerous Drugs Regulations. 


Smith & Nephew 
Pharmaceuticals Limited 
WELWYN GARDEN CITY - HERTFORDSHIRE 
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select from the range of 


Many anaesthetists have now selected those 'Pamergan' 
solutions which are most suited to their needs. 
Pre-medication, so standardized within the surgical 
unit, has been found to simplify prescribing and the 
administration by ward staff. A single, small injection 

is more comfortable for the patient too. 


*‘PAMERGAN' 
P.100 


*‘PAMERGAN' 
P.100/25 


‘PAMERGAN' 
SP.5O0 


*PAMERGAN' 
SP.100 


‘PAMERGAN' 
AP.100/25 


MANUFACTURED BY 
MAY & BAKER LTO 


Distributors: PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD - DAGENHAM - ESSEX 
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‘Pamergan’ 


trade mark 


| PRE-ANAESTHETIC SOLUTIONS | 


*PAMERGAN' PRESENTATIONS 


P.100 Pethidine Hydrochloride B.P. 100mg. : 
Promethazine Hydrochloride B.P. 50 mg. | in each 2 mi. ampoule 


P.100/25 Pethidine Hydrochloride B.P. 100 mg. | in cach 9 mi. 


Promethazine Hydrochloride B.P. 25 mg. 


SP.50 Scopolamine Hydrochloride B.P. 0-43 mg. 
Pethidine Hydrochloride B.P. 50 mg. in each 2 ml. ampoule 
Promethazine Hydrochloride B.P. 50 mg. 


SP.100 Scopolamine Hydrobromide B.P. 0-43 mg. 


Pethidine Hydrochloride B.F. — 10C mg. in each 2 ml. ampoule 
Promethazine Hydrochloride E ©. 3. mg. 

AP.100/25 Atropine Sulphate B.P. ‘6 ng. 
Pethidine Hydrochloride B.P. in each 1 ml. ampoule 


Promethazine Hydrochloride B.P. 25 :.:.. 


Detailed Information is available on request 


AN M&B BRAND MEDICAL PRODUCT 
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Th 


TRANSISTORISED 


PULSE - SOUND 
- VISION - RATE 
and BLOOD PRESSURE 


RECORDER by <a> 


ELECTRONICS 
DIVISION 


MEDICAL & INDUSTRIAL EQUIPMENT LTD. 


SPECIALISTS IN ANAESTHETIC APPARATUS & SURGICAL EQUIPMENT 
10 & 12, NEW CAVENDISH STREET, LONDON, W.I. 


Telephone: WELBECK 1/851 & 1504. Telegrams: NARCOSIS, LONDON. 


MANCHESTER: 152-154 Oxford Road @ TORONTO, 2B, CANADA: 132, St. Patrick St. 
Phone: Ardwick 5906 Phone: Walnut 3-3845 
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The new Danish channel OSCILLOSCOPES 


for medical use with 
built-in pre-amplifiers for ECG and EEG 


Specially designed for continuous 
visual monitoring of 
ELECTROCARDIOGRAMS 
ENCEPHALOGRAMS 
MYOGRAMS 
INTERARTERIAL PRESSURE 
INTERCARDIAC PRESSURE 
PNEUMOTACHOGRAMS 
For 
further details 
please write: 


% 


43, Bredgade - Copenhagen - Denmark 
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MORTIMER RESPIRATOR 


(Mk 1) 


NOW AVAILABLE AT~ - 


Further particulars from 
COVENTRY & JEFFS 
(Engineering Department) 

STAFFORD ST., BEDMINSTER, BRISTOL, 3 


Telephone 66 ~ 466! 
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duncaine’ 


brand Lignocaine 


Since 1948 we have manufactured Lignocaine 
preparations and marketed them under 

the brand name ‘Xylocaine’—under licence from 
A. B. Astra of Sweden. It has now been agreed 
by Astra and us that we shall cease to use 

the word ‘Xylocaine’ on 31 December 1960. 

We shall, however, continue to manufacture 
Lignocaine and its preparations but from 

1 January 1961 we shall market them under our 
own brand name ‘Duncaine’. 


DUNCAN FLOCKHART OF EDINBURGH 


The Doctors’ House 


* A registered trade mark, the property of 
DUNCAN, PLOCKHART & CO LTD WHEATFIELD ROAD EDINBURGH I! 
384 


: 
Bil: 

ouncan} 


ANZASTHESIA ADVERTISEMENT 


RB. Pulse Indicator mu 


The AB. Pulse Indicator Mk.II is a battery operated portable 
instrument, giving visual indications of pulse rates by means of a 
sensitive microphone attached to finger by adjustable strap. In- 
dications are by meter, and pilot lamp for dark room conditions. 
Changes in the peripheral circulation can be easily observed. 


With Meter and Pilot Lamp £15. 0. 0. 
With Pilot Lamp only £5. 5. 0. 


We are distributors for the 


SONISCOPE STETHOSCOPE 


which is a battery operated stethoscope operating electronically 
and capable of differentiating the foetal heart from the adult 
heart. 38 gns. 


FOR FULL SPECIFICATION & FURTHER INFORMATION, 
WRITE TO THE DISTRIBUTORS :- 


CENTRAL ELECTRIC (ORPINGTON) LTD. 
314 HIGH STREET 
ORPINGTON 
KENT 
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Sofnol non-hygroscopic Soda-lime is used in leading London Hospitals 
and throughout the world for anaesthetic and metabolic apparatus. 


NON-HYGROSCOPIC 
SODA-LIME 


SOFNOL LTD., WESTCOMBE HILL, GREENWICH, LONDON, $.E.10 
D/TAS/SL.324 
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‘improved 
anaesthesia... 


..for brief 
operative 
procedures 


Here is a new, more potent intravenous 
barbiturate, ‘Brietal Sodium’, which en- 
sures smooth induction of anaesthesia and 
rapid, clear-headed recovery. 

‘Brietal Sodium’ is of particular value in: 
electro-shock - dental surgery 
obstetrics - orthopaedics 
reduction of fractures - general surgery 
gynaecological examination 


‘BRIETAL SODIUM’ 


Trade Mark Brand 
METHOHEXITONE SODIUM 
The average dose is 50-100 mg. in a 1% 
solution. ‘Brietal Sodium’ is supplied in 
ampoules each containing 0°5 Gm. 


Lilly 


ELI LILLY AND COMPANY LIMITED * BASINGSTOKE © ENGLAND 
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EDITORIAL 


The administration of nitrous oxide for dental extractions is one of the 
earliest forms of anesthesia and has proved to be remarkably safe, the 
mortality probably being in the region of 1 in 300,000. Recently, how- 
ever, some concern has been felt as to the morbidity following dental 
gas, and in its most serious and mercifully rare form — the survival of a 
decerebrate human being — the disaster is such that no effort is too 
great to avoid it. Lesser degrees of mental impairment as a result of 
anoxia are not unknown while accidents such as inhaled teeth, cut lips 
and damaged incisors are known to occur although their frequency is 
conjectural. The introduction of ethyl chloride, divinyl ether and the 
intravenous barbiturates into dental practice has undoubtedly in- 
creased the anesthetic risk unless the administration is conducted by 
an expert. 

Considerations suchas these led to thecompilation ofa memorandum 
from the Association of Anesthetists which resulted in the formation 
ofasubcommittee of the Faculties of Anesthetists and Dental Surgeons. 
The Council of the Association has also set up a Dental Anesthetics 
Committee and is offering a prize of two hundred guineas to be awarded 
in 1961 for an essay based on original work on the subject of general 
anesthesia for dental surgery. The Institute of Dental Surgery is 
organising a Conference on Dental Anesthesia to be held in London 
in June 1961, particulars of which will be found under ‘Association 
News’. Other bodies are also collecting information and in this issue 
will be found the results of a questionnaire sent to dentists by the 
Yorkshire Society of Anesthetists. 

Already some relevant facts and queries have emerged as a result of 
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these activities. For example, some dentists give the anesthetic and 
extract teeth either single-handed or with a nurse or receptionist. Is this 
in the best interests of the patients? Again, are medical and dental 
students being taught adequately, bearing in mind the constantly de- 
creasing number of out-patient extractions being performed in teaching 
hospitals as a result of the NHS ‘Dental Scheme’? Can anesthetic 
specialists be induced to take more interest in dental cases either by a 
higher scale of fees or by any other means? Are inhalation agents 
other than nitrous oxide and oxygen safer and practicable? Many 
dental gas machines in use are grossly inaccurate: can some standard 
of accuracy in measuring gas concentrations be made obligatory ? 

These questions have no easy answers, but it is high time that more 
attention is paid to this Cinderella of our specialty. 
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Training in dental anesthesia 


An investigation by 


THE YORKSHIRE SOCIETY OF ANASTHETISTS* 


In 1957, this Society decided to promote an investigation into the 
training required by practitioners outside the specialty of anesthesia, 
with particular reference to what was expected of the doctor and of 
the dentist, in connection with anesthesia either in general or hospital 
practice and whether his training as a student was adequate. 

Preliminary discussions had shown that there were two main classzs 
of anesthesia which general medical practitioners were required to 
give — dental and obstetric anesthesia. Dental anesthesia was chosen 
in the first place for investigation and a questionnaire was sent to the 
167 dentists on the list of the Leeds Executive Committee, of whom 
108 (64 per cent) replied. 


THE RESULTS 


Among the questions put to the dental practitioners were the 
following: 
1 How long have you been qualified? 
Two-thirds of the dentists replying had been in practice under 
twenty-five years; one-third, over that time. 
2 About how many general anesthetics have been given to your 
patients in the last twelve months? 
Over 24,000 general anesthetics were administered in one year in the 
dental surgeries of two-thirds of the Leeds dentists, and nearly 500 in 
the patient’s home (the total was about the same as the number given 
annually in the United Leeds Hospitals). The maximum number 
administered in one practice was estimated at 2,000, and the average 
was 260. 
3 How many general anesthetics for dentistry have been given during 
the last year; (1) in your surgery, (2) in the patient’s home by 
(a) a principal, (b) a dental colleague, (c) a general medical 
practitioner and (d) a specialist anesthetist? 


* Hon. Sec., Yorkshire Society of Anesthetists, Leeds General Infirmary 
125 
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Eighty-five per cent of the anesthetics in the dental surgery were given 
by dentists (SO per cent by principals and 35 per cent by dental 
colleagues) and 15 per cent by doctors (12 per cent by general 
practitioners and 3 per cent »y specialists). In the patient’s home the 
figures were: 80 per cent by general practitioners and 20 per cent by 
specialists. 

Assuming that the figures were representative of the whole profes- 
sion in Leeds, about 5,000 anesthetics were given annually by doctors 
in the dental surgery, of which some 4,000 were given by those who 
had probably had little or no post-graduate anesthetic training. In 
Leeds, the medical students had virtually no practical experience of 
dental anesthesia. These facts gave much food for thought. 

The majority of the estimated 700 domiciliary dental anesthetics 
should ideally be intubated and the provision of competent anesthetists 
for this work would be no inconsiderable task. 

4 Do you consider that the dentist’s training is adequate for him to 

administer anesthesia for routine extractions? 

To this question, 38 per cent gave an unqualified ‘yes’, 31 per cent gave 
an unqualified ‘no’ and 31 per cent felt that the training was adequate 
within a limited range. The most common causes of dissatisfaction 
were the lack of experience in both inhalational and intravenous tech- 
niques, lack of tuition in dealing with emergencies and lack of training 
in the recognition of patients unfit for general anzsthesia. Some 
requested facilities for post-graduate courses. 

5 Do you consider that the dentist should be expected to act as a 

single handed operator-anesthetist ? 
The majority of dentists preferred to work in conjunction with an 
anesthetist, rather than as a single handed operator-anesthetist. 
Thirty-three per cent were definitely of the opinion that they should 
not be expected to act in the dual role; 37 per cent would only do so 
under certain circumstances at present unavoidable and 7 per cent 
were prepared to undertake the task without reservation. 

6 What general anesthetic agents are used in your surgery? 

Nitrous oxide was used in all the surgeries of those dentists using 
general anesthesia ; 75 per cent also used ethyl chloride and 55 per cent 
intravenous agents and trichloroethylene. Vinesthene was omitted in 
error from the questionnaire, but 6 per cent of the dentists added this 
agent to the list. Many dentists stated that the intravenous anesthetics 
in the surgery were given only by doctors. 

7 Are you satisfied with the present state of affairs regarding dental 

anesthesia? 
Sixty-one per cent replied ‘no’ ; 28 per cent replied ‘yes’ and 11 per cent 
did not answer this question. Of those dissatisfied, although their 
views were expressed in differing terms, the feeling of the majority was 
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that specially trained dental anesthetists of wide experience should be 
available. Suggestions included: (a) the introduction of post-graduate 
courses in dental anesthesia; (b) the formation of a pool of trained 
anesthetists from the hospitals to be available to the dentist; (c) the 
formation of lists of experienced general medical practitioners for den- 
tal surgery work and of specialist anesthetists for extractions in the 
home; (d) the admission to hospital of patients requiring multiple 
extractions and (e) better undergraduate training in dental anesthesia. 
Other criticisms were the inadequate fees for anesthetists and for 
dental practitioners employing anesthetists under the National 
Health Service regulations. 

The above results indicated that under the NHS, patients presenting 
themselves for dental surgery were frequently denied the full benefits 
of modern anesthesia. Steps should be taken to raise the standard of 
anesthesia for dental surgery to that of anesthesia for other branches 
of surgery. 


DISCUSSION 


These results were presented to a meeting of the Society to which 
members of the Leeds and District Section of the British Dental 
Association were invited. 

In the discussion which followed, it became evident that those den- 
tists who gave anesthetics and operated single-handed did so because 
of the difficulty in arranging a mutually convenient time with someone 
else to give the anesthetic. The arrangement of general anesthetic 
sessions between individual dentists and anesthetists (doctor or den- 
tist) might be one solution, but it would be dependent upon adequate 
recovery accommodation being available. 

Regarding the intravenous anesthetic agents, a dentist did not have 
the same opportunity for venepuncture as a doctor either as a student 
or when qualified. General practitioners were competent in vene- 
puncture, but many relied on single-dose anesthesia and had little 
experience of nitrous oxide oxygen maintenance and sometimes 
expected the dental nurse to complete the anesthetic. 

It was pointed out that the dangers of a misconception of the 
pharmacological actions of the intravenous barbiturates had been 
emphasised by Mushin'; the barbiturates were primarily hypnotics 
and not anesthetics. When used alone, the large doses needed to 
abolish pain were so great that prolonged recovery resulted, with its 
attendant dangers of respiratory depression and laryngeal spasm. On 
the other hand, intravenous barbiturates, used in moderate dosage for 
induction and followed by maintenance with nitrous oxide-oxygen, 
with or without volatile supplementary agents, were a valuable con- 
tribution to safer and more satisfactory general dental anesthesia, in 
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suitable cases. This was not a sequence for the novice anesthetist. 

It had been estimated by Goldman? that the total number of deaths 
over four recent years had been fifty-six in more than seven-and-a-half 
million cases. This seemed a low figure, but the presumption that the 
majority of these was caused by respiratory obstruction left no room 
for complacency. 


RECOMMENDATIONS 


Recommendations for improvement in the service were then put 
forward: 

1 More training facilities were needed in the teaching hospitals for 
dental and medical students and more post-graduate training in general 
dental anesthesia, including intravenous techniques. The intravenous 
technique could not be taught in week-end courses. 

2 An independent joint standing advisory committee on dental 
anesthesia should be set up. The members should represent the teach- 
ing hospitals, the general medical and dental practitioners and the 
Association of Anesthetists. This body would investigate and report 
on new techniques and drugs and should publish their findings in the 
relevant journals. 

3 A Diploma in Dental Anesthesia should be instituted which 
would be open to doctors and dentists. The curriculum would require 
that candidates should have held training appointments in general as 
well as dental hospitals and the standard should be comparable with 
the existing Diploma in Anesthetics. This would provide a supply of 
dental anesthetists of proven experience. 

4 The Ministry of Health should recognise that a multiple dental 
extraction was a surgical operation of similar magnitude to, say, tonsil- 
lectomy. Financial aid should be given to create special dental centres 
where multiple extractions could be carried out by the patient’s own 
dental practitioner under ideal conditions, including anesthetists train- 
ed in dental anesthesia, recovery facilities and transport home. The 
anesthetists manning these special centres should be available to go 
out to dental surgeries for emergencies. 
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Prediction of esophageal temperature 
in hypothermia 


Preliminary communication 


ALEX. C. FORRESTER, MB, ChB, FRFPSG, FFARCS 


Reader in Anesthetics, University of Glasgow 


JAMES BROWN, BSc, ARCST, AMIMechE 


Lecturer in Mechanical Engineering 
Royal College of Science and Technology, Glasgow 


One of the dangers of hypothermia by surface cooling is the unpre- 
dictable ‘after drop’ which occurs when the cooling is stopped. This 
paper is a description of a method of accurately attaining a pre- 
determined cesophageal temperature using a new approach to the 
technique of air cooling previously described '. 


METHOD 


It has been shown that the factors causing heat loss during hypo- 
thermia are conduction, convection, radiation and evaporation. In air 
cooling the most important of these is convection!. The heat removed 
from the patient by convection can most easily be determined by 
measuring the heat taken up by the circulating air. The air takes up 
heat from the patient and the cabinet. As the volume of air flowing 
through the hypothermia cabinet and the specific heat of air are 
constants, the heat lost by the patient and the cabinet is proportional 
to the temperature rise of the circulating air. Thus, if we measure the 
temperature difference between the air going to the cabinet and the air 
leaving the cabinet, using a special thermometer (FIG. 1), we can 
calculate the total heat lost by the patient and the cabinet. The heat 
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Teme. DIFF. 


NEGRETTI & ZAMBRA,LONDON 


FIG. 1 This thermometer records by means of thermocouple leads, the tem- 
perature difference between the air entering and leaving the cabinet. 


lost by the cabinet alone is easily determined by measuring the 
temperature rise of the air when the cabinet is empty. This value 
depends on the room temperature, but due allowance can be made for 
this (FIG. 2), i.e. Heat loss by the patient is proportional to the rise in 


25%, 


tde (Temperature Difference 
— Cabinet Empty) 
FOR VARYING ROOM TEMPERATURE 


TEMPERATURE DIFFERENCE (°C.) 


10 20 30 40 
TIME (Minutes) 


FIG. 2 This chart shows the rise in temperature of the air when the cabinet is 
empty (tde) at various room temperatures, over a period of sixty minutes. 
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temperature of the air with the patient in the cabinet, less the rise in 
temperature of the air with the cabinet empty. 


Thus H «(td—td,). 
Where H = heat loss of patient in kilocalories/hr 
td=rise in temperature of air (patient in cabinet) 
and td,=rise in temperature of air (cabinet empty) 
As the total heat loss of the patient in a given period is the same as 


the sum of the heat losses measured over consecutive time intervals 
during that period (e.g. every five minutes), the total heat loss may be 


represented by: 
H « = (td—td,) 
(total) 


Where © =summation of heat loss at five minute intervals. 
(See FIG. 3). 


TEMPERATURE DIFFERENCE 


.@) 10 20 30 40 50 60 
TIME (Minutes) 


FIG. 3 This chart shows the rise in temperature of the circulating air drawn 
against the time of cooling, with readings plotted at five minute intervals. 


But heat loss of the patient is also proportional to the product 
(weight of the patient x the temperature depression x the specific heat 
of the patient) and as the specific heat of the body may be regarded as 
a constant it follows that 
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H «Wx oa 
Where W = weight of patient 
and « =desired temperature depression 
(td—td,) «Wx a 


_ Wx 
K 


Where K is a constant. 

(For further theoretical calculations see Appendix.) 

In any particular cabinet the constant (K) of proportionality can be 
determined by experiment. The constant was determined by noting 
the performance of the cabinet with a large number of patients of 
different ages and sexes. In the cabinet used, this was 15kg for intervals 
of five minutes. 

As we know the patient’s weight, the desired temperature depression 
and K, we can readily calculate the required value of = (td—td,). 


ILLUSTRATIVE CASE 


The following details from a recent case explain how the method 
works in practice. 

The patient, a child age twelve years, was undergoing the repair of 
an atrial septal defect. The details of the anesthesia and operation are 
omitted. 


Initial esophageal temperature 
Required temperature 
Desired temperature depression 


K for cabinet in use 
Precooling calculation: © (td—tde ) 


Wxa 35.5 x 6.2 
= 14.6°c 
i.e. when the sum of the temperature differences taken at five minute 
intervals reached a total of 14.6°c the active cooling was stopped. 
(TABLE 1.) 


Table 1 
Data from Illustrative Case 
ALLOWANCE RUNNING 
FOR BOX AT CORRECTED TOTAL 
TEMP DIFF TEMP DIFF 


TEMP (td—tde) td—tde ) 

34.2°c 

34.2°c 

33.9°c 

34.0°c 

33.8°c 

32.7°C 

Cooling 
stopped —> ‘ 31.0°c 


8.09.9 


In this case the actual esophageal temperature attained was 28.2°c. 


| 
| 
=: 342°C 
= 28.0°c 
= 34,2°c-28°c 
= 62°C 
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DISCUSSION 


It will be seen that the cessation of cooling is independent of the 
cesophageal temperature obtaining at that time and that the desired 
final temperature is determined solely by the amount of heat which 
has been given up by the patient. 

Although no specific mention of metabolic heat production is made 
in the calculation, this is allowed for when determining the value of 
the constant K. The metabolic heat production is a small amount 
compared to the high rate of heat loss which occurs during cooling and 
is usually about 10-12 per cent of the heat loss. The experimental 
constant K makes allowance for this on the basis of weight and the 
possible error has been reduced to about 1 per cent of the total loss, 
which is insignificant. 

Plethysmography2 has shown that changes in the skin temperature 
are related to alterations in the peripheral blood flow which in turn 
are dependent on the degree of vasodilatation. The rate of heat flow 
from the body during surface cooling is mainly dependent on the 
peripheral blood flow, hence the value of (td—td,) is an indication of 
the state of vasodilatation (i.e. In the presence of full vasodilatation a 
high reading is consistently maintained on the temperature difference 
thermometer. The reading falls rapidly or varies in a random fashion 
where some vasoconstriction persists). 

The constant K was evaluated clinically in a series of cases and has 


since been used in six patients. The patients’ weights varied from 
25.5 to 84 kilos. The greatest error encountered in an early case was 
—0.8°c and the mean error + or —0.3°c. Contrary to what one 
might expect, there is no tendency for the error to increase in heavier 
patients, e.g. in the patient of 84 kilos the error was zero. 

We feel that future cases will confirm the early promise of this 
method. 
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APPENDIX 


Heat loss by patient (1) = heat gained by air (2)—heat loss by cabinet (3) 
(1) Heat loss by patient (H) = WS65 
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Where W 
(2) Heat gained by air 
Where td 
Sa 
A 


weight of patient in kg 
specific heat of patient 
mean temperature depression of patient 


td Sa 4 

temperature rise of air 
specific heat of air 

air flow (kg/hr) 


tde Sa A 

Temperature rise of air when the cabinet is empty 
specific heat of air 

air flow (kg/hr) 


(2)—(3) 
Sa 4 ( td—tde ) 


(3) Heat loss by cabinet 
Where tde 
Sa 
A 


.. Heat loss by patient 


Sa A ( td—tce ) 
Sa A ( td—tde ) 


The rate of heat loss is not constant, so that the total loss over a period would be the 
integral of the heat loss rate. 
i.e. Heat loss over a period of T minutes 


T 
j H dt 
area under the curve of H to a base of time. 


This area can be evaluated approximately by taking the summation & H At where 
4 tis a finite increment of time, conveniently chosen. 
Hence =H 6 
SaA(td—tde) At 


ane constant terms outside the summation signs, 
ws = SaAX(td—tde) at 


and it In t is chosen as a constant value (say five minutes) then: 
= SaAdtX(td—tde) 


ie. E(td—tde) = 
and £6 = 4, the total mean temperature depression of the patient 
WSs 
X(td—tde) 
Wa 
a constant 
Wa 
.”-Running total patient’s weight x temp. depression 


temperature 
difference cabinet constant 


Hence we have 
H 
and H 
Wss = 
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A study has been made of factors affecting the way in which the 
temperature of an anesthetised patient falls in response to immersion 
in a bath of cold water. The technique was that described by Sellick! 
which was based on that introduced by Swan2. Measurements have 
been made on forty-six patients cooled by this method. The trunk and 
the greater part of the limbs were immersed, but the head, hands and 
feet were left out. The temperature of the water was 18°c at the time 
a patient was immersed; after three minutes ice was added and the 
temperature lowered to 10°c. The esophageal temperature was taken 
as a Satisfactory indication of heart temperature. In two patients, 
intra-atrial temperature was measured with a thermocouple intro- 
duced through a cardiac catheter; it was found not to differ from 
cesophageal temperature by more than 0.7°c. The lesions treated 
surgically were atrial septal defect, pulmonary stenosis and aortic 
stenosis. 


THE IMPORTANCE TO BE ATTACHED TO METABOLISM 


If body temperature is to be lowered, heat must be abstracted at a rate 
exceeding the spontaneous heat production. Consider a 6 ft man 
weighing 70kg. From the Du Bois nomogram his surface area is 
1.9sq.m. Tables of heat production under basal conditions give a 
figure of about 40k cal/sq.m.hr. His total heat production would thus 
be of the order of 76k cal/hr. If for simplicity the body be regarded as 
consisting of water (with a specific heat of unity) then the heat pro- 
duced is a little more than would be sufficient to raise body temperature 
by 1°c per hour, if it were all stored in the body. This figure is to be 
compared with the rate at which heat is removed from the body by 
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cooling in water; under clinical conditions an hour’s immersion may 
often produce an overall drop of 6°c. If this drop is produced in the 
face of a continuing heat production, then it may be presumed that if 
there were no heat production, the drop would be 7°c. Thus a 100 per 
cent fall in metabolism would increase the cooling rate by only 17 per 
cent. Similarly a 100 per cent increase in metabolism would decrease 
the cooling rate by only 17 per cent. Thus, under the conditions 
studied, wide variations in heat production are unlikely to affect the 
rate of cooling very much. There is not likely to be a very great differ- 
ence between the rates at which heat is produced in different patients, 
as long as no heat is contributed by the contraction of voluntary 
muscle. In fact, in all the patients studied, sufficient doses of relaxant 
were given to prevent shivering and to allow respiration to be control- 
led. Despite this, the patients differed widely in the way in which their 
temperature fell. The explanation of these differences must, therefore, 
be sought in factors other than heat production. 


RATE OF FALL 
O34 OF ESOPHAGEAL 
TEMPERATURE (°C/MIN) 


AREA/WEIGHT 
RATIO (M2/KG) 


fe) 0-0! 0-02 0-03 0-04 
FIG. 1 Correlation between the rate of fall of esophageal temperature and the 
area/weight ratio. The distribution of the points does not suggest a straight line 
through the origin. Note that the points representing children appear towards the 
right, and are associated with rapid rates of fall. 
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THE EFFECT OF BODY SIZE 


The rate at which heat is lost from the body to the water in the bath 
can be expected to be proportional to the area of contact. Also, for 
every degree fall of temperature, the amount of heat which must be 
lost is directly proportional to the weight of the body. So the rate of 
fall of temperature should be proportional to the area/weight ratio. 
Total surface area can be derived from the Du Bois nomogram. In the 
present series of cases, although the body was not completely im- 
mersed, the fraction immersed was fairly constant, so the rate of fall 
of temperature can still be expected to be proportional to the area/ 
weight ratio. In F1G. | the rate of fall of esophageal temperature has 


CESOPHAGEAL 
TEMPERATURE 


A 


TIME 


FIG. 2 Response of cesophageal temperature to immersion. The 
patient is immersed during the time xz. xy is the ‘lag-time’ during 
which there is only a small fall of temperature. c’ p’ is the ‘after-drop’ 
— the fall of temperature which occurs after the patient is removed 
from the bath. 
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been plotted against this ratio for all forty-six patients. The higher 
ratios, those for children, come at the right hand end of the horizontal 
axis. Despite the scatter, it is clear that a correlation exists, but the 
graph does not closely support the proposition that the rate of fall of 
cesophageal temperature is proportional to the area/weight ratio, since 
this proposition would require the points to fall about a straight line 
through the origin. In fact the observed points would be better fitted 
by a straight line not going through the origin, or else by a curved line 
which does go through the origin. The most likely explanation of this 
discrepancy is that the rate of fall of esophageal temperature is not a 
satisfactory measure of the rate of loss of heat from the body. 


*AFTER-DROP’ AND ‘LAG’ 


F1G. 2 shows how the esophageal temperature changes over the 
course of time. The patient is immersed at time x and taken out at 
time Z. This produces a fall in cesophageal temperature equal to AC’. 
But after the patient has been removed from the bath the cesophageal 
temperature goes on falling until it reaches a final steady level at D. 
c’ D’ is the ‘after-drop’; its magnitude varies from patient to patient. 
In the present series it ranged from 1.1°c to 4.2°c. It occurs in spite of 
the fact that the patient is dried, placed on a warm mattress and 
covered with mackintosh sheets and towels. It is unlikely that heat is 
still being lost from the body to this environment. After half an hour 
or more, a slow rise in cesophageal temper~ture takes place, although 
the environment has not changed. The only period of time when the 
body as a whole is likely to lose heat is during the period of immersion. 
For some reason, part of the loss of heat to the water is reflected in a 
fall of esophageal temperature only after the patient has been removed 
from the bath. If, therefore, the fall in esophageal temperature is to 
be taken as a measure of heat loss from the body as a whole, the 
relevant measurement is the total fall produced, i.e. AD’ in FIG. 2. 

In all the patients studied there was a time lag before the ceesophageal 
temperature began to fall. This ‘lag’ may last anything from three 
minutes to thirty minutes; it is represented by xy in FIG. 2. When in 
FIG. | the rate of fall of esophageal temperature was plotted against 
the area/weight ratio, it was the steep straight portion BC that was 
being considered, the slope of which is BP/PC or BP/YZ. If this be 
taken as a measure of the rate of cooling, then the time xy, the ‘lag 
time’, is being ignored. It is almost certain that heat is passing out to 
the water during the lag time, so the time to take account of should 
really be the total immersion time XZ. 

It would seem reasonable, therefore, to take as the measure of rate 
of loss of heat the fraction total drop/immersion time, i.e. AD'/XZ, 
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TOTAL TEMPERATURE FALL (°C) 
TOTAL IMMERSION TIME (MIN) 


AREA/WEIGHT 
RATIO (M2/KG) 


0-0! 0-02 0-03 0:04 


FIG. 3 Correlation between total temperature fall/total immersion time and 
area/weight ratio. The ordinate in this figure is an improvement (on that in 
FIG. 1) as an estimate of the rate of loss of heat from the body. The abscissa is 
the same as in FIG. 1. The distribution of the points still does not suggest a 
straight line through the origin. 


and plot this against the area/weight ratio. This is done in F1G. 3. The 
scatter is, if anything, rather worse, and the distribution of the points 
still does not suggest a straight line through the origin. It, therefore, 
seems advisable to examine the process of cooling more closely. 


DETAILED CONSIDERATION OF THE PROCESS OF COOLING 


Consider the body as divided into concentric layers Smm thick. Soon 
after immersion the skin temperature is at the water temperature, viz. 
10°c. But the temperature at a depth of 5mm is still 37°c. A loss of 
heat, therefore, occurs from this layer through the skin to the water 
and after a time the temperature at the Smm depth begins to fall. 
When this occurs a temperature gradient begins to develop in the 
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layer between the 5mm and the 10mm depths. This leads to a loss of 
heat from the second layer, and eventually to a temperature fall at the 
10mm depth. The process continues, until the central portion of the 
body is affected and the esophageal temperature begins to fall. Thus 
this argument provides an explanation of the lag time. 

When the patient is taken out of the water the body consists of 
different layers at different temperatures, i.e. it is a kind of ‘thermal 
onion’. Heat is no longer lost from the skin, but temperature gradients 
stul exist. Heat continues to flow from the centre, but instead of being 
lost to the bath water, it is stored in the peripheral layers until all 
regions are at the same temperature. Thus this argument provides an 
explanation of the after-drop in the central temperature and also 
predicts an after-rise at the periphery. 


2 HOURS 
FIG. 4 Cooling of amputated human leg in water at 10°c. The tem- 
perature at various depths was followed by means of thermocouples. 
Note that the deepest region shows a lag and an after-drop; the super- 
ficial region shows an after-rise. 


F1G.4shows this process occurring in an amputated limb. A human 
leg obtained by hind quarter amputation was cooled in water at 10°c. 
Thermocouples were introduced to the depths shown, and readings 
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taken at frequent intervals. When the deepest thermometer read 32°c 
the leg was taken out of the water, dried, and left standing in the air. 
An after-drop can be seen in the central temperature and an after-rise 
in the peripheral temperature. 


Oesophageal 


| 


v 


FIG. 5 Record of temperatures obtained from a woman aged twenty-one years 
with atrial septal defect. Note that the subcutaneous temperature falls promptly 
whereas the cesophageal temperature shows a lag. When the patient is taken out 
of the bath, the subcutaneous temperature rises while the cesophageal temperature 
continues to fall. When the patient is immersed in warm water, the subcutaneous 
tissues become warmer than the cesophagus. 


F1G. 5 shows that the same phenomenon occurs in living patients. A 
convenient site for measuring subcutaneous temperature is lcm below 
the skin over the deltoid muscle. This portion is always thoroughly 
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layer between the 5mm and the 10mm depths. This leads to a loss of 
heat from the second layer, and eventually to a temperature fall at the 
10mm depth. The process continues, until the central portion of the 
body is affected and the ceesophageal temperature begins to fall. Thus 
this argument provides an explanation of the lag time. 

When the patient is taken out of the water the body consists of 
different layers at different temperatures, i.e. it is a kind of ‘thermal 
onion’. Heat is no longer lost from the skin, but temperature gradients 
still exist. Heat continues to flow from the centre, but instead of being 
lost to the bath water, it is stored in the peripheral layers until all 
regions are at the same temperature. Thus this argument provides an 
explanation of the after-drop in the central temperature and also 
predicts an after-rise at the periphery. 
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FIG. 4 Cooling of amputated human leg in water at 10°c. The tem- 
perature at various depths was followed by means of thermocouples. 
Note that the deepest region shows a lag and an after-drop; the super- 
ficial region shows an after-rise. 


F1G.4shows this process occurring in an amputated limb. A human 
leg obtained by hind quarter amputation was cooled in water at 10°c. 
Thermocouples were introduced to the depths shown, and readings 
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taken at frequent intervals. When the deepest thermometer read 32°c 
the leg was taken out of the water, dried, and left standing in the air. 
An after-drop can be seen in the central temperature and an after-rise 
in the peripheral temperature. 
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HOURS 
FIG. 5 Record of temperatures obtained from a woman aged twenty-one years 
with atrial septal defect. Note that the subcutaneous temperature falls promptly 
whereas the cesophageal temperature shows a lag. When the patient is taken out 
of the bath, the subcutaneous temperature rises while the cesophageal temperature 
continues to fall. “When the patient is immersed in warm water, the subcutaneous 
tissues become warmer than the cesophagus. 


F1G. 5 shows that the same phenomenon occurs in living patients. A 
convenient site for measuring subcutaneous temperature is lcm below 
the skin over the deltoid muscle. This portion is always thoroughly 
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immersed in the bath water and is well away from the operative 
field later on. The graph shows that a steep fall in subcutaneous tem- 
perature occurs well before there is any effect on the cesophageal 
temperature. When the patient is taken out of the bath, the esophageal 
temperature continues to fall, while the subcutaneous temperature 
begins to rise. 

It is thus apparent that the lag phenomenon and the after-drop 
phenomenon both result from the fact that the temperature gradient 
from the water to the centre is spread over a considerable thickness of 
tissue. Indeed, speaking loosely, the lag phenomenon might be as- 
cribed to the ‘cold’ needing time to penetrate to the centre; likewise 
the after-drop might be looked upon as the manifestation of ‘cold’ 
stored in the periphery at an earlier stage. 

This view of after-drop makes it possible to understand what hap- 
pens when a patient is taken out of the bath before the esophageal 
temperature has fallen much. One patient, taken out forty-three min- 
utes after immersion had, by that time, shown a fall of esophageal 
temperature of only 0.7°c. Subsequently there was an after-drop of 
3°c. Presumably a large quantity of ‘cold’ had been stored peripherally 
during the immersion. In general it has been found that if the drop 
which occurs during the period of immersion is about 1°c only, the 
after-drop will nevertheless be 14-3°c. Such observations expose the 
fallacy of supposing that the after-drop is always some fraction (such 
as one third) of the total drop. 


LABORATORY MODEL 


A water model may be constructed to show how the temperature 
changes arise which lead to lag and after-drop phenomena. A row of 
water containers is set up, each one connected by a narrow-bore tube 
to its fellow (see FIG. 6). The end jar has an outlet which is allowed to 
drain into a sink. The jar on the left represents the centre of the body; 
the jar on the right represents the surface layer. The flow of water 
from left to right represents the flow of heat from centre to surface. 
The amount of water lost into the sink represents the amount of heat 
lost from the system as a whole. The height of the water-level in any 
one jar represents the temperature in that region of the body. The bore 
of the tubes connecting the jars represents the conductivity of the 
tissues of the body: wide-bore tubing would imply a high conductivity 
and narrow-bore tubing a low conductivity. 

If water is drained from the end jar, the level in that jar falls rapidly. 
Then the next jar begins to show a fall. The process continues until the 
jar on the left is responding. But there is an appreciable delay before 
this happens, i.e. the jar representing the centre of the body shows a 
lag phenomenon. The cooling is now stopped, i.e. the tap draining 
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F1G. 6 Water model to illustrate temperature changes in the body 
during surface cooling. 

First row: before immersion; all regions at the same level of tempera- 
ture 

Second row: during cooling; different levels in different regions 

Third row: soon after cooling has stopped; levels beginning to even 
out 

Fourth row: finally, a new equilibrium is established 
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into the sink is turned off. At the moment at which it is turned off the 
levels in all the jars are different. But now a process of levelling-out 
occurs and two things happen, viz. there is an after-rise in the jar on 
the right and an after-drop in the jar on the left. 


RATE OF LOSS OF HEAT FROM THE BODY TO THE 
WATER IN THE BATH 


If the body be considered as made up of 5mm layers then, when it is 
first immersed, the temperature at the surface will be 10°c; but the 
temperature at all the interfaces between the different layers will be 
37°c. Approximately there is a drop of 27°c across a Smm layer. 
After a time the most superficial layer will cool sufficiently for the 
temperature at the first interface to fall appreciably. The drop of 27°c 
to the surface will then be spread across two layers, a total of 10mm. 
As time goes on the temperature drop is spread over greater and 
greater thicknesses, so that the temperature gradient in the superficial 
layer gradually decreases. Consequently the rate at which heat passes 
out to the water gradually decreases. 

The same inference may be drawn from an inspection of the water 
model. The ultimate force driving water out of the end jar is the 
height of water in that jar; this is always decreasing. Consequently the 
rate of outflow of water likewise decreases. 

In FIG. 3 the average rate of loss of heat has been plotted against 
the area/weight ratio. If the rate of loss of heat gradually decreases 
during immersion the average rate of loss of heat will be less in 
patients who are immersed for a long time. The neglect of this factor 
in FIG. 3 may account for some of the scatter and for the fact that the 
line of best fit is either curved, or else does not go through the origin. 
In order to take account of this factor it is necessary to know exactly 
how the rate of loss of heat varies with time. This is a problem which 
has been studied by physicists. It has been shown that subject to 
certain important restrictions, bodies cool in such a way that the rate 
of loss of heat is inversely proportional to the square root of the time. 
From a careful study of Jain’s paper, it appears probable that this 
relationship will be reasonably true for the cooling of a patient in a 
bath. This means that the rate of loss of heat should be proportional 
not simply to the area/weight ratio, but to the area/weight ratio divi- 
ded by the square root of the time of immersion. In F1G. 7 the data of 
FIG. 3 have been replotted with the abscissa changed accordingly. 
This graph is striking in that a straight line through the origin provides 
a much better fit for the points than would any such line in FIG. 1 or 
FIG. 3. It provides fair confirmation that the body does indeed cool 
according to the physical law referred to. 
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TOTAL TEMPERATURE FALL (°C) 
TOTAL IMMERSION TIME (MIN) 


0-005 
AREA/WEIGHT RATIO (M2/KG) 


A/ TOTAL IMMERSION TIME (MIN) 


FIG. 7 Total temperature fall/total immersion time is retained (from F1G. 3) as 
a measure of the average rate of loss of heat from the body, but here it is plotted 
against the area/weight ratio divided by the square root of the immersion time. 
There is still a fair amount of scatter, but the points do now suggest a straight 
line through the origin. 


Newton’s law of cooling, which is usually invoked in any discussion 
on hypothermia, cannot be applied to a body in which the transfer of 
heat from the centre to the periphery is so restricted that appreciable 
temperature gradients develop. 


CONDUCTIVITY OF BODY TISSUES 


The mathematical theory of the cooling of a body of homogeneous 
conductivity is such that a figure for conductivity may be worked out 
if the body has been cooled experimentally and measurements made. 
Application of the theory to the present data leads to a value for 
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conductivity which is much lower than that for water, or even fat. This 
low figure might be accounted for by supposing that some ‘cold’ is 
stored peripherally which never contributes to central temperature fall. 
This phenomenon can be seen graphically in FIG. 5; esophageal tem- 
perature ceases to fall, although there is still some ‘cold’ in the tissues 
lcm deep. If complete equilibration occurred, the central temperature 
would fall further than it does, the estimate of heat loss would have to 
be increased and the estimate of conductivity would also have to be 
increased. It may well be that variations in the degree of equilibration 
which occurs may account for a large part of the scatter in FIG. 7. 


EFFECT OF BODY FAT 


If two patients have the same height, but one is fatter than the other, 
then the area/weight ratio is less for the fatter one. In consequence, the 
rate of fall of temperature will be somewhat less. This would apply if 
the thermal conductivity of the fat were the same as that of the rest of 
the body. 

If, in addition to this, fat had a clear-cut insulating effect, then fatter 
patients should still cool less well than others, after the changed area/ 
weight ratio has been allowed for. In FIG. 7 the points representing 
the fatter patients should still come below the others. In general, 
women have more subcutaneous fat than men, yet there is no definite 
tendency in FIG. 7 for the circles representing them to fall below the 
dots which represent the men. 


EFFECT OF CIRCULATION 


In FIG. 5 it may be seen that subcutaneous tissues can rapidly become 
quite cold and yet for some time there is no fall in temperature at the 
centre. Presumably there is little blood flowing from these tissues to 
the centre. 

In FIG. 7, just as there is no definite tendency for women to be 
marked out from men, neither is there any tendency for patients with 
obstructive lesions (aortic stenosis and pulmonary stenosis) to be 
marked out from those with atrial septal defects. 


EFFECT OF VASODILATORS 


F1G. 7 is of value also in the assessment of vasodilators as aids to cool- 
ing. Although ether was given to all the patients studied, it does not 
appear to have been very effective in promoting peripheral blood flow. 
If the usefulness of a vasodilator is to be assessed, then the rate of fall 
of esophageal temperature is not the appropriate measurement to 
make, because this does not reflect the rate of loss of heat from the 
body as a whole. Nor is it sufficient to measure the fraction, total 


q 


ANASTHESIA 147 


temperature fall/tota! immersion time, because the value of this is 
itself dependent on the immersion time. The only satisfactory method 
is to plot the graph shown in FIG. 7 and see whether points representing 
patients who receive vasodilators fall on a line above those representing 
patients who have not been given vasodilators. This has not been done. 


DISCUSSION 


The original stimulus for this study was a hope that a method would 
be found of predicting after-drop. This hope has not been fulfilled and 
no such method has been found. The original assumption that the 
after-drop was some fraction of the total drop was abandoned early 
on, when cases were encountered where the after-drop greatly exceeded 
the drop which occurred during immersion. Some workers have claim- 
ed that there is a relationship between after-drop and the rate of fall of 
cesophageal temperature. Wylie and Churchill-Davidson* and 
Hellings5 associate small after-drops with slow rate of fall of ceso- 
phageal temperature and vice versa. A consequence of this should be 
that children, who have rapid rates of fall compared with adults, 
would have large after-drops. But this is the opposite of that reported 
by Sellick!. Hamilton® has gone so far as to propound a formula for 
predicting after-drop. He claims that it is 2°c plus five times the rate of 
fall of the cesophageal temperature (expressed in °c/min). If a similar 
relationship were true in the present series of cases it would be rendered 
apparent by plotting after-drop against the rate of fall of esophageal 
temperature. This is done in FIG. 8: there is no useful correlation. 
Hamilton’s formula would lead to a straight line sloping upwards to 
the right. 

On the basis of the available data it seems that provided the patient 
has been kept immersed long enough for the esophageal temperature 
to have fallen a degree or so, then the after-drop is 2.6°c on the aver- 
age, with a standard deviation of 0.65°c. This means that roughly one 
patient in every twenty can be expected to have an after-drop outside 
the range 2.6+ 1.3°c. This is hardly an accurate method of assessment, 
but the theory has neither led to any better method, nor has it given 
any support to methods hitherto described. 

If in F1G. 7 all the points fell exactly on a line, it would be possible 
to predict the required immersion time on the basis of a knowledge of 
body size only. A prediction would be made of the time needed to 
produce the overall drop, rather than the more usual practice of trying 
to predict the after-drop. But unfortunately the amount of scatter is so 
great that the prediction is no more accurate than that obtained by 
assuming an after-drop of 2.6+ 1.3°c. This is probably to be attributed 
partly to differences in conductivity from patient to patient and partly 
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AFTER—DROP °C 


O4 02 03 


RATE OF FALL OF 
CESOPHAGEAL TEMPERATURE (°C/MIN) 


FIG. 8 This graph shows that there is no useful correlation between the extent 
of the after-drop and the rate at which the cesophageal temperature falls. 


to differences in the exact mode of management — for instance, varia- 
tion in the rate at which water temperature is lowered from 18°c to 
10°c. 

But FIG. 7 is of value in that it shows that the greater part of the 
wide variations which are observed between patients can be attributed 
to recognised physical factors. This has some clinical implications. For 
instance, if the cooling appears to be slow, this should not necessarily 
be attributed to heat production by the patient. Unnecessary doses of 
relaxant may thus be avoided. Additional doses of relaxant should 
likewise not be given in an attempt to shorten the lag phase, since this 
phenomenon is an essential part of any method of surface cooling and 
even occurs in an amputated limb where there is no question of heat 
production. 

Although this study has been based on patients cooled in a bath of 
water, some comments may be made about cooling by the application 
of ice bags to the trunk. Such a method makes use of a smaller area, 


148 
5 
e 
4 
& 
3 
e 
ee & @ 
e 
2 
e 
> 


ANASTHESIA 149 


but the weight of the patient is the same. The area/weight raiio is, 
therefore, smaller and the rate of cooling should be less. In general 
this appears to be true. If the area used were very small, or the weight 
of the patient very large, then it is conceivable that the rate of abstract- 
ion of heat might only just exceed the rate of heat production; it 
would then be important to prevent the slightest return of muscle tone 
by ensuring full paralysis. The smaller after-drop reported’ by those 
who use the method of cooling by ice bags applied to the trunk is 
understandable: less area is used, so less ‘ cold ’ is stored. 

The importance of the area/weight ratio in governing the rate at 
which a body cools may explain why mammals which live in cold 
water are in general rather large. Their size diminishes the rate of loss 
of heat per unit weight and so less demand is made on metabolic 
processes to produce heat. F1G. 7 could in fact be used to estimate the 
cooling rates of animals of widely differing body size. 


SUMMARY 


A study has been made of forty-six patients cooled in water. Variations 
in metabolism are of little importance in affecting the cooling rate 
under these circumstances; the dominant factor is the ratio of body 
surface area to body weight. The theory of heat transfer in inanimate 
bodies is applied qualitatively to the process of surface cooling and 
explanations are derived for ‘after-drop’ and for the ‘lag time’ between 
immersion and the start of the fall of esophageal temperature. Tem- 
perature records are presented to support the applicability of the 
theory and a simple illustrative laboratory model is described. A 
qualifying argument is developed which shows that the rate of heat 
loss should gradually decrease with time. A source is quoted which 
suggests that the rate of heat loss should be inversely proportional to 
the square root of the time after immersion, and, therefore, that the 
total heat lost during immersion is directly proportional to the square 
root of the immersion time. A graph is presented to show that this 
relationship is valid in clinical hypothermia. From the graph it is 
concluded that the effect of body fat and of cardiac disease is small. 
The effectiveness of ether in promoting peripheral blood flow during 
cooling is questioned, and an experimental procedure is suggested for 
testing the effectiveness of vasodilators. Clinical implications are 
discussed. 
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The Starling pump as a ventilator for infants 
and children 


J. A. MONRO, BSc, MB, FFARCS 


C. F. SCURR, MVvo, MB, FFARCS 


Department of Anesthetics, Westminster Children’s Hospital and 
Westminster Hospital, London SW1 


In view of the paucity of ventilators suitable for intermittent positive 
pressure respiration for infants and children we have adapted the 
Starling pump! for use in pediatric anesthesia and resuscitation. The 
equipment and its clinical use is described in this communication. 

The Starling pump is a single cylinder pump whose piston is 
actuated by a connecting rod from a wheel, in the driving shaft of 
which the inspiratory and expiratory valves are cut. This steel shaft 
rotates in a gun metal block through which are machined 4 in diameter 
passages. The driving mechanism of the 16/24 model ‘Ideal’ pump 
(C. F. Palmer Ltd, London) consists uf a hp induction motor driving 
a V-belt assembly of five pairs of shielded and enclosed pulleys and a 
direct drive gear box with an automatic overload clutch. The available 
speeds are 14-20-26 -35-—44/min. The stroke volume is continuously 
variable from U-250ml by a ball handle which alters the position of 
the fulcrum of the connecting rod along a graduated slide. 

Referring to the diagram (FIG. 1), 
V1 and V2 are two rotary valves on —« 
thesame axis, and, therefore, synchro- 
nising with each other. The cycle of = 
operation is as follows: on the down- 
ward stroke of the piston P, air is 
admitted to the cylinder C via Al and 
V1. When the piston reaches the bot- 
tom of its stroke, the valve V1 has 
turned sufficiently to cut off C from 
Al, and immediately connects it to 
the tube L1. Upon the upward stroke 
of the piston, air is forced from C 
back through V1 to the lungs via L1 
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and L2, thus inflating the lungs. During the downward stroke of the 
piston, the additional valve V2 opens and the lungs deflate via L2, L3, 
V2 and A2. 

Clear pvc 4 in tubing is used to connect the pump to a nylon 
Y-piece to the stem of which is attached a female brass fitting matching 
the catheter mount of the Westminster Children’s Set (M.I.E. Ltd, 
London). This avoids the problem of multiple fittings and allows 
immediate replacement of the tubing by the 500ml bag of the set for 
hand inflation. 

The output side of the pump (L1) is connected to the Y-piece (L2) 
via a KDG (K.D.G. Ltd, Crawley, Sussex) pressure gauge calibrated 
—5/+50cm water pressure and also a combined water manometer- 
safety valve 40cm in length (FIG. 2). As a reservoir for anesthetic 


FROM LI TOL2 
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MANOMETER 
TUBE MARKED 
IN CMS. 


WATER BATH —— 


DRAIN TAP 


FIG. 2 Diagram of water manometer safety valve 
(Manometer tube capacity Iml per 12cm) 


gases on the input side of the pump (A1), a coil of 1 in Pvc tubing of 
500ml capacity is connected; this has a proximal side arm through 
which anesthetic gases or oxygen are supplied. If the gas flow is 
stopped or inadequate, air is entrained and continuous ventilation 
ensured. For use with poliomyelitis or tetanus cases, air could be used 
for ventilation and enriched with oxygen if required. The complete 
apparatus is shown in FIG. 3. 


©) 
Ye) 
25 


ANASTHESIA 


4, 


FIG. 3 The Starling pump as adapted for clinical use 


Movable cover enclosing pulleys Expired gas outlet 

and belt 8 Pump intake 

P.V.C. tubing to patient 9 Gas reservoir 

Water manometer — safety valve 10 Calibrated rockerarm indicating 
Pump cylinder in front of motor stroke slume 

Handle for protection 28 in 11 Connecting rod to piston 

above floor 12 Fresh gas hose 

K.D.G. manometer 


As a leak free pump delivering known minute volumes the pump 
may also be used to estimate the oxygen uptake of a patient during 
anesthesia and hypothermia. This may be done by converting the 
pump to a circle system by connecting a small spirometer (capacity 
1500ml) and a soda lime canister between the intake port Al and 
expired air port A2 and measuring the oxygen used in a given time. 
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Alternatively, by connecting a filled Douglas bag to Al and collecting 
the expired gas from A2 in a second bag and subsequently analysing 
the gases the oxygen uptake may be calculated. 


CASE REPORTS 


In these reports alveolar carbon dioxide was estimated by the rebreath- 
ing method of Plesch described by Scurr? using the modifications for 
infants of Sykes3. Carbon dioxide concentrations were measured by 
the Drager analyser. Arterial pCO2 was determined on arterial blood 
using the equipment and technique described by Astrup‘4. 


CASE 1 


K.W. Male. Age 6/52. Weight 81b 40z. Diagnosis: hydrocephalus. 

Operation: insertion of Spitz-Holter Valve. 

Anaesthetic: Flexometallic tube> 
nitrous oxide/oxygen/suxamethonium. 

On pump at 20 x 50ml/min. Pressure —0/+ 12cm HO. 

(Radford Nomogram*® indicates: 20 x 30ml/min.) 

pp +1°-1° throughout. Colour pink. Ventilation clinically adequate. 

Alveolar carbon dioxide after fifty minutes on pump 5 per cent +4. Rapid return 

of spontaneous respiration and consciousness, Condition good. 


CASE 2 


A.S. Male. Age 15/12. Weight 17 lb. 
Operation: repair of vsp (profound hypothermia). 
Anesthetic: cyclopropane/oxygen/suxamethonium-> (O) Endotracheal tube> 
nitrous oxide/oxygen/halothane/d-tubocurarine, 
On pump at 44 x 100ml/min. (Radford 44 x 40ml.) 
Pressure: —0/+ 22cm at start. 
—0/+30 when chest open and retractors in. 
Arterial pCO: fell from 48 to 33mm in the first hour and remained constant at 
33mm until hypothermia started 
pCO> returned to 30mm on rewarming. Spontaneous respiration re-established 
without difficulty at end, after two-and-a-half hours 1PPR. 
Condition good. 


CASE 3 


S.T. Female. Age 6/12. Weight 16 Ib. Diagnosis: hydrocephalus. 

Operation: craniotomy. 

Anesthetic: thiopentone/suxamethonium—> (O) Flexometallic nitrous 
oxide/oxygen/halothane/d-tubocurarine. 

On pump at 26 x 85ml/min. —0/+ 11cm. (Radford 26 x 58ml.) 

BP after initial drop rose to 90/60. Pulse 140 and remained constant. 

Alveolar carbon dioxide 5 per cent +4 at end of operation, after ninety minutes 

IPPR. 

Rapid recovery of respiration and consciousness. 

Condition satisfactory. 


CASE 4 


A.S. Male. Age 12/12. Weight 20 Ib. 

Operation: repair of vsp (profound hypothermia). 

Anesthetic: oxygen/halothane/suxamethonium-> (O) Endotracheal 
nitrous oxide/oxygen/d-tubocurarine. 

On pump at 44 x 100ml. (Radford 44 x 50ml.) 

Arterial pCO> fell to 26mm during the hour before cooling was started. Total 

time on 1P PR four hours. 
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CASE 5 


W.E. Male. Age 6/52. Weight 9 Ib. 

Operation: insertion of Spitz-Holter Valve. 

Anesthetic: cyclopropane/oxygen/suxamethonium-—> (00) Flexometallic tube> 
nitrous oxide/oxygen/halothane. 

On pump at 26 x 40ml. (Radford 26 x 26ml.) 

Pressure —0/+ 15cm H20. 

Spontaneous respiration during operation (? leak around endotracheal tube). 

Halothane concentration increased. 

Alveolar carbon dioxide at end, 6 per cent +4 per cent after forty-five minutes 

IPPR. 


DISCUSSION 


The criteria for assessing a ventilator have been discussed by Mus- 
grove®, Mushin and Rendel-Baker’, Pask® 9, Mushin ef al.!° and 
Wylie and Churchill Davidson!! and include: 

The ability to reproduce as nearly as possible the normal para- 

meters of respiration, gas flow rates, volumes and frequency. 

A favourable ratio of inspiration/expiration. 

Rapid inflation and rapid fall of pressure to atmospheric level 

during expiration, with an expiratory pause. 

Variable rate and tidal volume, which should be measurable and 

reproducible. 

Limitation of pressure developed: 30cm H20 is a frequently cited 

figure. 

Rapid conversion to manual inflation. Reliability, safety, bulk, 

motive power and cost. 

To ventilate infants safely it is essential to have accurate control of 
small tidal volumes and since all flow-operated flap or flutter valves 
become increasingly unreliable with low flow: ~nd small tidal volumes, 
power operated valves are essential. 

The 16/24 model ‘Ideal’ pump constitutes a volume-time cycled 
flow generator in the inspiratory phase and a time cycled pressure 
generator during expiration. Since, in infants, anatomical and physio- 
logical limits severely curtail the range of tidal volumes which may 
safely be used for intermittent positive pressure respiration, a volume 
cycled ventilator is superior to one which is pressure cycled. This is 
best done by using a piston in a rigid cylinder (in association with 
rigid tubing to the patient) in preference to bellows or ‘bags in 
bottles’. 

The use of a single cylinder pump with completely reliable mechani- 
cally operated valves linked to the piston, as in the Starling pump, 
appears to be by far the safest and most reliable approach to the prob- 
lem. In this pump the tidal volume delivered for each stroke of the 
piston is continuously variable while the pump is in use and may be 
read directly from the calibrated scale which is marked at 25ml 
intervals from 0 to 250ml. 
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F1G. 4 Wave forms and pressures generated by the Starling pump, measured at 
the oral end of a (3) cuffed endotracheal tube during operation. 
Case 6. Child aged 54 years. Weight 34 Ib. 
Radford requirement 26 x 100ml/minute. 
Pressure peaks 12-14cm H ,O. 


The pressure patterns developed by the pump at the oral end of the 
endotracheal tube at varying rates and tidal volumes are shown in 
FIG. 4. The inspiratory/expiratory ratio is seen to be 1/1.3, which is 
greater than the theoretically desirable figure, but appears to be 
acceptable clinically in infants. F1G. 5 shows the pressure developed 
by the resistance to gas flow through the smaller endotracheal tubes. 

The machine is silent in operation and exceedingly reliable over long 
periods with minimal maintenance. An oil seal around the piston is 
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FIG. 5 Pressures developed at the oral end of (00) (OA) (0) (1) and (2) Flexo- 
metallic tubes at pump rates of 20/26/35/44 strokes/minute. 


employed to prevent leakage of gases from the cylinder. The apparatus 
has been run continuously into a jar of water for over ten hours and 
no ‘carry over’ of oil was detected. The use of an induction motor 
ensures safety of operation in the presence of inflammable gases, but 
on the machine used by us, a centrifugal starting switch is fitted to the 
shaft of the motor and this switch (which only operates when starting 
or stopping the motor) does not conform to the requirements for safe- 
ty in the presence of inflammable gases!2. As the pump is used mainly 
for patients requiring muscular relaxation for major surgery, dia- 
thermy is likely to be used on most occasions, so that this is a 
theoretical rather than a practical disadvantage. 

The water manometer-safety valve has the merits of simplicity and 
reliability, but has the disadvantage that it tends to draw the anesthe- 
tist’s attention to excessive pressures by directing jets of water at his 
legs and subsequently must be refilled to make good the water lost. 
Spring loaded safety valves present an increasing load as the valve 
opens and the spring is compressed and may fail to allow free egress 
of escaping gas, so delaying the pressure release. A well designed 
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gravity operated valve would present a constant pressure as it opened 
and might prove more satisfactory than the water manometer. 

The use of a mechanical ventilator for intermittent positive pressure 
respiration for children, as for adults, not only frees the anesthetist’s 
hands to control intravenous fluids, measure and record pulse, blood 
pressure or temperature, but requires the anesthetist to plan and 
monitor rates and tidal volumes and consider carbon dioxide levels, 
details which may be neglected if one relies on a ‘trained hand’ to 
squeeze a bag. Not only is more precise control of respiration possible, 
but it has been suggested by Smith!3 that there may be inherent 
advantages in the mechanical regularity of a machine which cannot 
be achieved by hand. 

We have now used the pump for over fifty patients including many 
poor risk cases, varying in weight from 6 to 60 lb without any detect- 
able deleterious effects. There has been no delay in recovery of spon- 
taneous respiration attributable to the machine. The maximum size 
and weight of patient with which the pump can cope has not yet been 
determined, but is expected to be about 80-90 lb over which size the 
larger capacity machines — Pulmoflator, Manley, Radcliffe, etc. may 
be used. 


SUMMARY 


The Starling pump has been adapted as a ventilator for pediatric use. 
The pump is described and case reports using carbon dioxide levels to 
monitor ventilation are presented. 

The pump is a volume cycled single cylinder pump with mechanical 
valves giving rates from 14-44 per minute and tidal volumes from 
0-250ml. The most important factors in ventilating infants are accurate 
control of small tidal volumes, power operated valves and prevention 
of excessive pressure build up. 

The Starling pump meets these requirements. Other characteristics 
of an ideal ventilator and the desirability of intermittent positive 
pressure respiration for infants are discussed. 
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Circulatory response to tilt with phenothiazines* 


ALLEN B. DOBKIN, mp, FACA, DAt 
ALAN McL. KEIL, Mp, FFARCS 


GERALD WONG, MB, ChB (N.Z.) 


Many derivatives of the phenothiazines are now being used in associa- 
tion with clinical anesthesia, mainly to provide hypnotic or neuro- 
sedation. Some are also used to potentiate anesthesia, to prevent or 
relieve nausea, vomiting and hiccoughs and to facilitate hypothermia!. 
Differences in the activity of these drugs have been the subject of many 
repoits? 3 4, This study was carried out to determine whether a 
‘therapeutic’ intravenous dose of each of several phenothiazines has a 
significant effect on the pulse and blood pressure. 


METHOD 


Serial tests were done at intervals of one to three days, on eight 
healthy male subjects, with fifteen different phenothiazine derivatives. 
Seven of the subjects were between twenty and thirty years of age. One 
subject was 52 years old. After a blood pressure cuff was applied, the 
subjects rested in the supine horizontal position for ten minutes. Then 
the blood pressure was recorded by a standard auscultatory methods 
and pulse rate was counted at the wrist at regular intervals. The subject 
was supine for fifteen minutes and then was tilted to 60° head up 
position. The supine position was then resumed and the test drug was 
injected by the intravenous route rapidly. Blood pressure and pulse 
rate were recorded immediately and at five minute intervals for fifteen 
minutes. Then the subject was again tilted to 60° head up position and 
the same procedure followed. Any side effects were noted during and 
after each test and each subject reported on his condition following 
each test and during the interval before the next test. 

*From the Department of Anesthesia, University of Saskatchewan College of 
Medicine and University Hospital, Saskatoon, Canada. 

+ Present address: University Hospital, Upstate Medical Center, Syracuse, New 
York, U.S.A. 
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RESULTS 


The’ mean and standard deviation of the blood pressure (systolic v, 
diastolic a), and pulse rate (@) at each time interval during each drug 
test was computed for the eight subjects and is shown in FIGs. 1-15 
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FIG. 1 Mean changes in systolic w and diastolic A blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 2 Meanchanges in systolic w and diastolic & blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 3 Mean changes in systolic w and diastolic A blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 4 Mean changes in systolic w and diastolic A blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 5 Mean changes in systolic and diastolic blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 7 Mean changes in systolic w and diastolic A blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 8 Mean changes in systolic w and diastolic A blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 9 Mean changes in systolic vw and diastolic & blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 11 Meanchanges in systolic w and diastolic & blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 12 Meanchanges in systolic w and diastolic & blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 13 Meanchanges in systolic w and diastolic a blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 14 Meanchanges in systolic w and diastolic a blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 
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FIG. 15 Meanchanges in systolic w and diastolic A blood pressure and 
pulse rate @ before and after drug in eight human subjects. Broken lines 
indicate standard deviation of systolic and diastolic blood pressures. 


which represent the responses to each drug. Only one dose level was 


tested for each drug, except with pecazine (mepazine) (15 and 25mg), 
promazine (10 and 20mg) and chlorpromazine (10 and 15mg). The 
response curves for the higher dosage are shown in the figures for 
these three drugs. 

Shortly after each of the drugs was injected, two of the subjects 
complained of palpitation of brief duration. All of the subjects dozed 
after the drugs were administered. The only complaints mentioned 
consistently by the subjects after the tests were dizziness, a tired feeling 
or moderate to marked drowsiness with all the drugs except pecazine, 
thiopropazate and trifluperazine. The drowsy feeling often lasted until 
the following day, in which cases the subsequent test was postponed. 

The TABLE shows the mean pulse and blood pressure for each drug 
during supine and 60° tilt before and after the drug for the eight sub- 
jects. At the dose level tested, all the drugs lowered the blood pressure 
somewhat, but in no case did severe hypotension occur and none of 
the subjects fainted during the tilt-test. A slight fall in the pulse rate 
was observed with promethazine, fluphenazine, pecazine, proclorpera- 
zine, trifluperazine and methdilazine. The rest of the drugs caused a 
slight rise in the pulse rate. No untoward effect occurred after any of 
the tests. 
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DISCUSSION 


The phenothiazine derivatives in a ‘therapeutic’ intravenous dose all 
cause a slight degree of hypotension! 67, In the healthy conscious male 
subject, the hypotensive response is not increased by head up tilt and 
the fall in blood pressure is not greater than would be expected in the 
light sleeping state’. The vasomotor response to tilting also remained 
intact after each of the drugs and was usually sustained as long as was 
seen before the drugs were injected. However, the hypotensive effect 
must not be ignored when these drugs are used during anesthesia, for 
they not only potentiate the hypnotic effect of the general anesthetics, 
but also potentiate their depressant effect on the circulation? !°, This 
must be considered especially when they are used in elderly patients 
whose circulation has less resilience and who are usually suffering from 
hypertension. When used judiciously, the effects that are desired most 
in these drugs are not always accompanied by a gross alteration in the 
blood pressure or pulse rate. 


SUMMARY AND CONCLUSIONS 


The blood pressure and pulse rate were measured in eight healthy male 
adults when in the supine and in the 60° head up tilt positions before 
and after the intravenous injection of fifteen different phenothiazine 
derivatives. The dose selected for each drug was within the therapeutic 


range. All of the phenothiazines administered in this way caused a 
slight lowering of the blood pressure. This response was not signifi- 
cantly augmented by the head up tilt. It is suggested, however, that 
during anesthesia, especially in the elderly hypertensive patient, these 
drugs may cause far greater disturbances and should, therefore, be 
used with care. 
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Lumbar epidural analgesia 
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Although it is now nearly forty years since Pagés! first described his 
method of lumbar epidural analgesia, it is only within recent years 
that this form of regional anesthesia has been employed on any scale 
in this country. This long latent period was probably due to two main 
factors. Firstly, it was believed that accurate location of the epidural 
space was too difficult, although workers like Dogliotti? had clearly 
shown that it was quite possible to achieve success in a high proportion 
of cases. This misconception led many anesthetists to employ the 
caudal approach to the epidural space, although this is usually a more 
difficult route and the results less reliable3. Secondly, the lack of a 
suitable local anesthetic agent put severe limitations on the method. 
Procaine was not reliable for nerve blocks and its effect was too short- 
lived. Cinchocaine and amethocaine produced a good effect, but took 
twenty to thirty minutes to act. As a result of these factors, epidural 
blockade was mainly used by individual enthusiasts and in this respect, 
special mention should be made of the work in this country of Massey 
Dawkins‘ and BromageS. 

It seemed that, with the introduction of muscle relaxants into 
anesthetic practice by Griffith and Johnson in 19446, regional anal- 
gesia would suffer a complete eclipse. However, the advent of ligno- 
caine’ provided, at last, the almost perfect drug for epidural analgesia. 
It has become apparent that, revolutionary though muscle relaxants 
have proved to be, they have by no means solved all the problems. 
Epidural blockade is now undergoing a phase of increasing popularity 
as its advantages become apparent. 

Having performed over 1,200 lumbar epidural blocks, we would like 
to present our experiences and results with this method. 
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TECHNIQUES 


There is now general agreement that the ‘loss of resistance’ method 
first described by Forestier’, is the best way to locate the lumbar 
epidural space. Other methods which use the negative pressure within 
the epidural space (e.g., the hanging drop method of Gutierrez®, and 
Odom’s indicator !°) have a high failure rate, for, in up to 20 per cent 
of patients, negative pressure cannot be detected in the lumbar region. 

Although mechanical aids have been invented to indicate the loss of 
resistance that occurs when the exploring needle enters the epidural 
space (e.g., Macintosh epidural needle!! and Brunner and Ilke 
syringe!2), we are firmly convinced that the anesthetist’s hands are 
incomparably better for the purpose than any of these ingenious 
devices. 

The technique has been fully described by other authors2 5. We can 
confirm that it is not difficult and with practice a high degree of success 
can be obtained. There are two points which we would particularly like 
to emphasise. Firstly, the use of the Tuohy needle has greatly improved 
the ease with which we have located the epidural space. Its specially 
shaped tip, sturdy construction and wide bore, are all ideally suited 
for this purpose. Secondly, we have tried to speed up the whole pro- 
cedure by a ‘time and motion’ analysis of the necessary movements. 
Epidural analgesia is often criticised on the grounds that it takes too 
long to perform during a busy operating list. A great deal of time can 
be saved by the anesthetist being thoroughly familiar with the tech- 
nique and eliminating all unnecessary movements. As an aid to this 
we use autoclaved packets, in which drugs and equipment are always 
placed in the same position. A single 20m! syringe only is useu and this 
is filled with local analgesic. It can then be used for infiltration of the 
skin, location of the epidural space and injection of the local analgesic, 
without recharging. The use of a smaller syringe filled with water has 
never commended itself to us. 


DRUGS 


Lignocaine has always been our drug of choice. Its action is always 
rapid enough (five to eight minutes) to ensure full analgesia by the 
time the patient is made ready for surgery following injection. Initially, 
we used a concentration of 1.25 per cent, but found on occasion that 
the analgesia was inadequate and, as a result, we now use 1.5 per cent. 
Analgesia with lignocaine usually lasts from one-and-a-half to two 
hours. 

If a longer action is required, amethocaine can be added to the 
lignocaine and, with such a mixture, analgesia of three hours duration 
is obtained without loss of rapidity of onset. The indication for adding 


at 
‘ 
: 
: 


174 ANASTHESIA 


amethocaine is not always prolongation of surgery beyond two hours. 
The extra analgesia is much appreciated by the patient in the imme- 
diate post-operative period and we often use the drug for this purpose, 
except in the elderly, in whom more rapid recovery of vaso-motor 
reflexes is desirable. Amethocaine is autoclaved in crystalline form 
and 40mg are added to each 20m of lignocaine, giving a concentration 
of 0.2 per cent. 

Carbocaine was used by one of us (DBS) in a small series of twenty 
cases. No difference between it and lignocaine could be detected and 
it is used in the same concentration. It did not lengthen analgesia 
appreciably as had been hoped. 

The addition of adrenaline to the local analgesic agent is often 
recommended to avoid too rapid absorption and to increase the period 
of analgesia. For some considerable time we have not used this agent 
when giving lignocaine alone and have not had cause for regret. We 
do still use it, however, when the lignocaine/amethocaine mixture is 
being used, as it seems desirable to retard the absorption of two 
potentially toxic drugs. When adrenaline is used we never exceed 
0.25ml of 1 in 1,000, which, when added to 20ml of solution gives a 
concentration of 1 in 80,000. 


PUNCTURE SITE 


Any convenient lumbar spinal interspace is chosen, the second or 
third being the most frequently used. In an otherwise admirable 
account of epidural analgesia Bonica et al.13 state, that the thoracic 
region should be used in an attempt to place the needle at the middle 
of the required band of analgesia. This appears to us to be unwise, for 
not only is the lumbar route much easier (and failures, therefore, 
fewer), but it is also safer. Bonica et al. had the misfortune to damage 
the spinal cord on two occasions in their very large series, but this 
could not have occurred if the lumbar route had been chosen. Less 
local anesthetic is needed if thoracic puncture is used for an abdominal 
operation, but as we have never seen a toxic reaction, we cannot 
believe that this is an advantage. 

One of us (DBS) gave an extensive trial to the caudal approach to 
the epidural space. Contrary to a commonly held belief, this is more 
difficult than the lumbar route and is often quite unreliable, due to 
inability to make the local analgesic ascend beyond the sacrum into 
the lumbar and thoracic regions. Its use has now been abandoned. 


DOSAGE 


Considerable confusion of thought seems to have arisen on this subject. 
Dosage schedules given by different authors vary from complicated 
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formule allowing for several variables, to fixed quantities for specific 
operations!4, The height to which a given volume of fluid will spread 
when injected into the lumbar epidural space depends on a great many 
factors, including position, age and height of the patient, and the 
patency of the intervertebral foramina. (It is important to remember 
that the spinal canal is not a closed space.) To produce a band of 
analgesia which is just adequate for the performacnce of the operation 
is, therefore, almost impossible. It appears to us much more rational 
to give the patient a generous dose of local anesthetic, up to 50 per 
cent more than the operation might strictly require. On this basis, 
almost all operations for which epidural analgesia is suitable can be 
performed with a dosage of 30ml or under and the great majority of 
our cases receive 20-30ml. There are two theoretical objections to this 
principle of dosage. Firstly, it might be held that an excessive amount 
of local anesthetic would cause a large number of toxic reactions; and 
secondly, that hypotension would commonly ensue as a result of the 
epidural block reaching too high a level. We can only say that, in our 
hands, toxic reactions are conspicuous by their absence, certainly well 
below the incidence (8 per cent, with 0.2 per cent convulsions) in the 
series of Bonica et al.13. Moreover, hypotenstion, if it is considered 
undesirable in a particular case, is very easily reversed or prevented by 
the exhibition of a vasopressor drug. 

Certain cases are given less than 20ml. These are usually the elderly 
(in whom it is well known that epidurally placed solution spreads 
further than in the young) and patients undergoing operations upon 
the lower limbs. 

We consider that slow injection is important in the avoidance of 
toxic reactions and inject at a rate of Iml every three seconds. 


TEST DOSE 


The use of a test dose to eliminate the possibility of giving an accidental 
total spinal blockade has been : bandoned by many workers. In our 
opinion, however, it should be used until the anesthetist has obtained 
full confidence in his technique and even after that in cases where there 
is any dubiety as to the position of the needle tip. Five to eight ml are 
injected and five minutes given to see if a spinal blockade has resulted. 
Lignocaine will produce a marked effect within that time if injected 
intrathecally. The amount used in the test dose is allowed for when 
estimating the total quantity to be given, e.g., 30ml can be given as 
8ml test dose plus 22m] main dose. 

In support of a test dose, it is noticeable that almost all recorded 
cases of accidental total spinal blockade have been produced when no 
test was used. 
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CONCOMITANT GENERAL ANASTHESIA 


Although surgery can easily be carried out under epidural blockade 
alone, this is unpopuiar with both patients and surgeons. As a result, 
we invariably administer a general anesthetic following the epidural 
injection. Some anesthetists prefer to give a general anesthetic before 
attempting the epidural blockade. This, however, rules out the possibil- 
ity of using a test dose and offers difficulties and dangers to the single- 
handed anesthetist who cannot attend to the patient’s airway while 
‘scrubbed up’. 

There will, of course, be considerable variations between anesthetists 
as to their choice of general anesthetic. Our preference is for a 
thiopentone induction followed by nitrous oxide or cyclopropane, the 
patient being kept just deep enough to tolerate an oral airway. 
Thiopentone should be given slowly, but in adequate dosage (500mg 
in the average case). Prolonged apnoea due to thiopentone is to be 
avoided. Endotracheal intubation is only performed if difficulty in 
maintaining an airway is encountered, or when traction reflexes during 
operations on the gastro-intestinal tract are anticipated. It is then 
performed under succinylcholine paralysis and preceded by thorough 
local anesthetic spraying of the larynx and trachea. 

The patient should be breathing quietly and regularly. Any irregu- 
larity in respiration is an indication that anesthesia is too light and 
must be deepened. Cyclopropane is ideal in the circumstances, as 
rapid deepening is possible without cardio-vascular depression. It 
must be stressed that coughing and straining by the patient may ruin 
good operating conditions. Moreover, if hypotension is present, the 
sudden reduction in venous return that occurs when the intra-thoracic 
pressure is raised by coughing, can be very dangerous. 

The extent to which the blood pressure falls during epidural block- 
ade depends to some degree on the depth of the accompanying general 
anesthesia and a deep plane of anesthesia may be used to augment 
the hypotensive effect of the blockade, if this is considered desirable. 

The fact that epidural analgesia causes no interference with sponta- 
neous respiration is one of the great advantages of the technique. Not 
only is no impediment put upon the venous return by intermittent 
positive pressure respiration (a big safety factor when the patient’s 
systolic blood pressure falls below 80mm/Hg), but the venous pressure 
is kept as low as possible, thus avoiding undue venous bleeding in the 
operation area. It behoves the anesthetist, therefore, to ensure that 
the general anesthesia does not cause respiratory depression. 

If any particular skill is required to perform the foregoing technique, 
then it is as much in maintaining the concomitant general anesthesia 
as in the location and injection of the epidural space. 
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HYPOTENSION 


Contrary to the opinion of some of the early writers on epidural 
analgesia, it is now agreed that the blood pressure falls in the same 
way and to the same extent, as it does during spinal analgesia. This 
fall depends upon the height of the blockade and on the age and 
general condition of the patient. 

Using the method of dosage outlined above, we find that in about 
40 per cent of cases, the systolic pressure falls and is maintained below 
80mm/Hg, while in over 90 per cent, a reduction of more than 
20mm/Hg occurs (TABLE 1). 


Table 1 
Incidence of hypotension in 130 consecutive cases 
FALL IN SYSTOLIC PRESSURE NUMBER OF CASES 
0-20mm Hg 12 ( 9 per cent) 
20-50mm Hg 41 (31 per cent) 
Over 50mm Hg 77 (60 per cent) 


Provided that the systolic pressure remains above 55mm/Hg (or 
rather higher in the more elderly patients), we do not take steps to 
reverse hypotension. We are encouraged in the belief that epidural 
analgesia offers a safe means of hypotension for the following reasons: 

(a) The patient’s respiration is unimpaired and thus venous return 
and cardiac output are less interfered with than when controlled 
respiration is used. 

(b) Almost all operations performed under epidural analgesia can 
be done in the head-down position. 

(c) The fall in blood pressure occurs relatively slowly, taking 
twenty to thirty minutes to reach its maximum. 

(d) The pulse is always easily felt and sphygmomanometry easily 
carried out. This is in contrast to conditions often pertaining when 
ganglionic blockers are combined with controlled respiration. This we 
attribute to the relatively large pulse pressure obtaining under epidural 
blockade, e.g., a blood pressure of 70/45mms/Hg gives a much 
stronger pulse than one of 70/60mms/Hg. 

In our whole experience of epidural analgesia we have never seen 
any untoward results of hypotension. If the blood pressure falls too 
low, or if any fall is contra-indicated (e.g., during Cesarean section), 
a vasopressor drug is given, the response to which is always rapid. 
Our preference in those circumstances is for methoxamine or 
mephentermine. Vasopressors, such as methamphetamine, which 
cause cerebral stimulation are less suitable, as they can interfere with 
the light plane of general anesthesia being maintained. 

If, in the opinion of the anesthetist, hypotension is an essential 
requirement for an operation in a young subject (e.g., Wertheim 
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hysterectomy), it is probably better to resort to spinal block, which is 
more predictable as to the height to which it spreads. 


POST-OPERATIVE CARE 


The post-operative condition of patients, following epidural blockade, 
is one of the most impressive features of this form of anesthesia. 
Patients awaken rapidly, and, with the residual analgesia which may 
last for one to two hours, they are in full possession of their faculties 
long before post-operative pain occurs. Thus, post-operative restless- 
ness is prevented and there is less need for early sedation, as is so 
often the case in patients emerging from general anesthesia. 

The only necessary precautions, are to see that the blood pressure is 
above 80mm/Hg (if a vasopressor is required to do this, part of the 
dose should be given intramuscularly to ensure prolonged action) 
before the patient leaves the operating theatre and to raise the foot of 
the bed until the nerve blockade has worn off and vaso-motor control 
is re-established. 

Unlike spinal analgesia, no special precautions are necessary to 
avoid headache and no irksome restrictions need be placed upon the 
patient’s position or movements. 

The post-operative analgesia permits the patient to clear the bron- 
chial tree by painless coughing and to start breathing exercises. This 
may be of great advantage in cases of chronic bronchitis or 
bronchiectasis. 


FAILURES 


Failure to achieve an adequate epidural blockade may be due to 
inability to identify the epidural space, or difficulty in producing a 
high enough or intensive enough blockade. With experience there is 
no reason why the failure to identify the space should occur in more 
than | per cent of cases. Using the dosage and concentration of drugs 
outlined above, no difficulty should occur once the epidural space has 
been entered. 

In the event of failure, the anesthetic can be changed very quickly 
into a routine general anesthetic (by giving a relaxant drug), or into a 
spinal block (as the commonest fault in attempting to locate the 
epidural space is to enter the sub-arachnoid space). 


RESULTS 


This series includes 1,195 operative cases. The operations for which it 
has been performed are shown in TABLE 2. 

It will be noted that almost all the operations were performed in the 
lower abdomen, perineum or lower limbs. Operations in the upper 
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Table 2 


Operations performed under epidural analgesia 
OPERATION NUMBER 
Hysterectomy 223 
Vaginal repair (including vaginal hysterectomy) 358 
Prostatectomy 88 
Abdomino-perineal resection of rectum 55 
Operations on lower limbs 39 
Nephrectomy 48 
Adrenalectomy 7 
Colectomy 41 
Caesarean section 22 
Other abdominal operations 106 
Miscellaneous operations 33 
Herniorrhaphy 167 
Vulvectomy 8 


TOTAL 


abdomen are generally unsuitable for this type of anesthesia because 
stimulation of the vagi leads to untoward reflexes. To obviate these 
requires either, vagal blockade, or a deep general anesthetic. Thoracot- 
omy is also unsuitable, as for this controlled respiration is essential 
and there seems little point in giving an epidural block plus relaxants 
to paralyse the muscles of respiration. 

One of the main advantages of epidural analgesia is the reduction 
in blood loss that usually occurs compared with general anesthesia. 
This strong clinical impression has been confirmed by comparing 
series of two standard operations (hysterectomy and vaginal repair 
for uterine prolapse) in which the blood loss was estimated by swab 
weighing !5. Vaginal repairs under epidural blockade lost, on average, 
3.5 fl.ozs (98ml), compared with 9.3fl.ozs. (260ml), under general 
anesthesia (local infiltration with 1:200,000 adrenaline being used in 
all cases). The figure for hysterectomies were 6.3fl.ozs (179ml) and 
9.6fl.ozs (273ml). 

Epidural analgesia will, therefore, show to greatest advantage in 
operations where excessive blood loss may be expected. In addition to 
hysterectomy and vaginal repair, we can especially recommend it for 
prostatectomy (confirming the experience of Morris and Candy '!¢ and 
Gardner'’), abdomino-perineal resection of the rectum and 
nephrectomy. 

We do not recommend epidural blockade for patients suffering 
from depletion of circulating blood volume, such as intestinal obstruc- 
tion, as sudden and severe hypotension may ensue. This applies also 
to cases of hemorrhagic shock, such as ruptured ectopic pregnancy. 

In obstetrical practice we do not use it as a routine, but reserve it 
for cases where we consider that the absence of foetal depression that 
occurs with a conscious mother, is of advantage. The concomitant 
general anesthesia is, of course, omitted. 
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THERAPEUTIC APPLICATIONS 


While epidural blockade has been recommended for a wide range of 
conditions, we only have experience in treating pre-eclamptic toxemia 
and prolapsed intervertebral disc. 

The rationale of its use in severe pre-eclamptic toxemia is to reduce 
the hypertension during labour, thus protecting the mother from 
cerebral cedema and the feetus from the effects of heavy sedation. So 
far we have only used it in five cases, but the results are good enough 
to encourage us to use it more often in the future. Labour is usually 
induced by artificial rupture of the membranes and oxytocin drip, 
epidural blockade being established before the drip is started and 
maintained by an indwelling epidural catheter. Patients usually have a 
critical systolic pressure above which symptoms, such as headache 
and blurred vision, occur. The object of the epidural blockade is to 
keep the blood pressure below this level, i.e., in the 100-150mm/Hg 
range. Increments of local anesthetic are given as the blockade wears 
off, as indicated by disappearing analgesia and rising blood pressure. 
The amounts given depend entirely on the individual response of the 
patient. It is of great interest that in all our cases where continuous 
blockade has been used in women in labour (including patients who 
had no toxemia), the duration of analgesia was significantly shorter 
than we find in ordinary operative cases, e.g., lignocaine, lasts only 
fifty to fifty-five minutes and amethocaine seventy-five to ninety 


minutes. Operative delivery of the foetus, either by forceps or Cesarean 
section, can be undertaken without any additional anesthesia. Thus 


FIG. 1 Pre-eclamptic toxemia: management of labour with 
continuous epidural analgesia 
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the foetus, whose placental circulation is usually impaired during pre- 
eclampsia, is completely protected from the effects of depressant drugs. 
A typical chart from one of these cases is shown in FIG. 1. 

Single dose epidural block in the emergency treatment of frank 
eclampsia was used on two occasions with good effect !8, 

Epidural injections have been used in the treatment of prolapsed 
lumbar disc by various workers! 2°, Both the caudal and lumbar 
routes have been recommended. One of us (JRK) has used lumbar 
epidural injection for this purpose on fifty-four occasions, patients 
having been referred by the Orthopedic Department. 

Normal saline in dosages varying from 40-80ml was the agent 
chosen. During the injections the patient almost always experienced 
the typical pain from which he had been suffering (sciatica or low 
back pain). If the pain became too severe a little thiopentone was 
administered, while further injections were made. 

It has been found that about 50 per cent of cases have an immediate 
relief of their pain, with considerable objective improvement in such 
tests as straight leg raising. Of the cases that have been reviewed after 
six months, 30 per cent have remained free of symptoms. 

Among the good results in this small series, have been cases of wide 
variability as to duration and type of symptoms. It is not easy, there- 
fore, to select cases which will benefit from the therapy. The results, 
however, justify its use before embarking on long-term methods of 
treatment. 


COMPLICATIONS 


There are three main complications of epidural blockade which can 
appear, either during, or shortly after the local anesthetic is injected. 
They are: accidental total spinal blockade, toxic reaction to the local 
anesthetic and rapid hypotension. 

In this series there was one case of total spinal blockade. 


CASE REPORT 


The patient was a seventy-six year old woman suffering from a strangulated 
femoral hernia which had caused vomiting for three days. Epidural block- 
ade was chosen (incorrectly we now believe) so that consciousness could be 
retained and the patient protected from inhalation of vomit. Twenty ml of 
lignocaine were injected (no test dose being used). Hypotension rapidly 
ensued and respiration stopped. The blood pressure was raised and 
maintained around 100mm Hg by means of large doses of intravenous 
methamphetamine. Artificial respiration was given for one hour (by which 
time the operation had been completed). Spontaneous breathing then 
re-commenced and the patient regained consciousness within a few 
minutes. 
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The anesthetist should always be prepared to deal immediately 
with a massive subarachnoid blockade and, provided he acts quickly 
and intelligently, no harm will result. Treatment consists simply of 
artificial respiration and elevation of the blood pressure with a 
vasopressor. 

Toxic reactions have not occurred in this series. This we attribute 
to the slow epidural injection and to the fact that we give thiopentone 
very shortly afterwards. 

Very occasionally, it will be observed that the patient has become 
hypotensive very rapidly after induction of the general anesthesia and 
care should be taken in watching the pulse during and after the 
thiopentone injection. Speedy and effective treatment can be instituted 
with a vasopressor. 

It will be seen that to treat any of the complications of epidural 
blockade, it is essential to have access to a vein, e.g., through a 
Mitchell needle or intravenous drip. 


MORTALITY AND MORBIDITY 


There was only one death in the series within seventy-two hours of 
operation. One hour after epidural analgesia had been established, 
this patient collapsed suddenly during a manual removal of the placen- 
ta following forceps delivery. The collapse occurred just after a brisk, 
but not severe, hemorrhage, the systolic blood pressure having been 
maintained at 100mm/Hg until that time. Resuscitative measures had 
no effect and the patient died within ten minutes. For three days prior 
to the onset of labour she had been suffering from a febrile illness, 
which was diagnosed as influenza. Post-mortem examination showed 
an acute atrophy of both adrenal glands and the liver and the patient 
undoubtedly died of adrenal insufficiency. 

No patient has suffered any neurological damage following epidural 
injection and, in every case, recovery from the blockade has been 
uneventful. Backache and headache appear to be no commoner than 
after general anesthesia. 


CONCLUSION 


In a wide variety of operations, epidural analgesia offers considerable 
advantages over other forms of anesthesia, both in the operating 
conditions it provides and in the post-operative condition of the 
patients. The skill necessary to carry out this form of regional 
anesthesia is not difficult to acquire, and provided it is used 
intelligently, the results obtained will justify the extra effort. 


SUMMARY 


A series of over 1,100 operative cases conducted under lumbar epidu- 
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ral analgesia is presented. In respect of the operating conditions 
(particularly reduced blood loss) and the post-operative state of the 
patients, this technique was considered superior to other forms of 
anesthesia. 

The results of therapeutic applications of the method in pre- 
eclamptic toxemia and prolapsed intervertebral disc are discussed. 
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The Ombredanne Inhaler 


C. T. BARRY, MD, FFARCS, DA 


Consultant Anesthetist, Western General Hospital, Edinburgh 


In many countries specialisation in anesthesia was not encouraged 
until comparatively recently. Doubtless one of the reasons for this was 
the availability of the Ombredanne inhaler, a remarkably foolproof 
device which, even in relatively untrained hands, gave results which 
were quite acceptable in its day and age. It has been confused with 
Clover’s inhaler and its many modifications, but differs so markedly 
from these in conception and design that it deserves to be better 
known. 

Ombredanne was dissatisfied with the closed inhalers, mainly be- 
cause the mask frequently had to be raised from the face to admit 
fresh air. He felt that smooth induction without cyanosis called for a 
degree of skill not always available and that better results would be 
obtained if air could be drawn in at each breath, together with grad- 
ually increasing amounts of ether vapour. Rebreathing was necessary 
and should increase as the ether concentration rose and it was found 


FIG. 1 The Ombredanne inhaler: the opening to the air is on the 
other side of the shaft holding the control knob 
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better to fill the chamber of the apparatus with sponge soaked in 
ether so as to get a sufficient concentration!. 

It took five years of experiments with M. Collin, the instrument 
maker, to achieve success. The final model (F1G. 1) liad a spherical 
body with a rebreathing bag on one side and a control knob moving a 
pointer up a scale on the other side. At the top was a cover which 
could be unscrewed for the introduction of ether, 150g lasting for one- 
and-a-half hours. Below was the mask fitted with two rings for the 
administrator’s thumbs, while the other fingers held up the chin: a very 
good fit was obtained in this way. 


ETHER OFF 


FIG. 2 Section through the inhaler. The patient receives 
fresh air through the opening a, with partial rebreathing into the bag. 
«Not to scale) 


Internally (F1G. 2) a wide bore channel led from the control on the 
left to the bag on the right; an opening (A) in this channel allowed air 
to be drawn in on inspiration and two short ducts led upwards from 
the main channel and opened into the body of the inhaler, while 
another led down towards the mask (B). The side channel (c) allowed 
rebreathing into the bag. The main channel was divided by a central 
septum and lined by a cylindrical drum, which was rotated by the 
control. When the pointer moved up the scale three changes took 
place: reduction in the size of opening A, opening of the ducts leading 
to the ether chamber and closing of the side channel c, so that 
increasing amounts of the rebreathed air went through the body of the 
inhaler. 

Induction was begun with the ether turned off (FIG. 2); in this 
position the patient inhaled air with partial rebreathing and no ether. 
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ETHER HALF ON 


F1G. 3 Opening A and the opening into the side channel c have been 
reduced in area. The patient still receives air through a and 
rebreathing takes place partly through channel c and 
partly through the ether chamber. (Not to scale) 


The pointer was moved up the scale at a rate which the patient would 
tolerate until the halfway stage was reached (FIG. 3); here the mixture 
inhaled consisted of air and bag contents passing through the ether 
chamber and the side channel. This was the position generally used 
for maintenance, but a higher concentration was needed for induction 
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ETHER FULL ON 


F1G. 4 The patient still receives a little air, but most of 
each breath is drawn through the ether chamber. (Not to scale) 
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and it was sometimes even necessary to move the pointer to the top of 
the scale (FIG. 4). A little air was still drawn in, but not enough to 
prevent the gradual appearance of cyanosis; the greater part of each 
breath came from the bag through the ether compartment and return- 
ed by the same route. This position was required only in resistant 
patients and then not for long. The area of the different openings had 
to be worked out with great care and was obtained by trial and error. 

In practice this inhaler was found to work quite well. The original 
makers sold over 25,0002 and many imitations were sold by other 
firms. It is now largely obsolete if only because the respiration cannot 
be assisted. 

Louis Ombredanne became Surgeon to the Paris Hospitals in 1902, 
Professeur Agrégé in 1907 and was appointed to the Chair of Infantile 
Surgery ar Orthopedics (University of Paris) in 1925. He retired in 
1941 and died in 1956. 
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Management of cardiac investigations in children 


PAMELA M. ORDISH, ms, FFARCS 
I. M. J. MAIR, MB, FFARCS 


Anesthetic Registrars, St George’s Hospital, SW1 


The investigation of cardiovascular abnormalities demands a still, co- 
operative patient, for sometimes as long as three hours. It is usual to 
perform cardiac catheterisation by way of the basilic or long saphenous 
vein, proceeding to pressure recordings in the accessible chambers of 
the heart and great vessels, coupled with removal of blood samples for 
estimation of oxygen saturation. Radiographic screening with the aid 
of an image intensifying apparatus is the rule. Angiography is often 
carried out following these investigations, and it is, therefore, necessary 
to have the child at its quietest at the end of what may have been a 
long and trying session. Finally, the opportunity is sometimes taken, 
especially in infants, of phonocardiographic recording. 

Maintenance of anesthesia in a darkened room for any length of 
time is always a taxing experience, and the intensity of radiation near 
the hands of the anesthetist makes an endotracheal tube desirable, 
since a leadened glove does not allow the delicate ‘touch’ required for 
small children. The administration of oxygen invalidates oxygen 
saturation measurements and nitrous oxide interferes with Van Slyke 
determinations. Moreover, the use oc’ “halational agents may further 
complicate the chemical and photo-electrical investigations, whilst 
ether and cyclopropane provide an unjustifiable explosion hazard in 
the presence of a veritable battery of electrical apparatus. Some 
method is, therefore, required to surmount these problems. 


PREVIOUS METHODS 


A review of the literature hitherto published on this subject, reveals 
that the majority of authors distinguish between their anesthetic 
methods for cardiac catheterisation for pressure and gas measurements 
and those for angiography. It is common to provide basal narcosis by 
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means of rectal thiopentone!-5, bromethol® 7, oral barbiturates*, or 
even intramuscular thiopentone®, often reinforced by other narcotic 
agents such as morphine, pethidine and hyoscine in varying degrees of 
complexity 3. 

For angiocardiography the most popular method involves the use 
of suxamethonium following basal narcosis’, or as part of full general 
anesthesia‘ 5 !° with or without endotracheal intubation. The indica- 
tion for the use of suxamethonium lies largely in the predisposition of 
the contrast medium diodone to causing coughing and possible 
broncho- and laryngospasm. Moreover, a still patient is assured 
following depolarisation. 

The use of a ‘cocktail’ containing pethidine, promethazine and 
chlorpromazine stems chiefly from North America!!-!5, but some of 
these authors prefer intravenous thiopentone prior to angiocardio- 
graphy. An impressive series is reported by Code Smith et a/.!3 using 
pethidine 25mg, promethazine 6.25mg and chlorpromazine 6.25mg 
per Iml of a solution which sufficed for each 20 Ib (9kg) weight of 
patient to a maximum of 1.5ml. Cyanotic children were given a 
reduced dosage and intravenous supplementation with the same 
solution was given when necessary. 

More work has recently been published by the protagonists of 
general anesthesia for these investigations!® !7 and these authorities 
argue that a steady state can thus be produced more reliably without 
unduly complicating their laboratory work. 


ARGUMENT 


We considered that an ataractic mixture promised the simplest answer 
to the problems posed in the management of children for these cardiac 
investigations, with due regard to the availability of equipment and 
personnel. We feel that the hazards of cumulative irradiation are not 
stressed often enough in the practice of anesthesia and that this factor 
weighs against methods which demand repeated approach to the 
patient for attention to the airway or for positive pressure inflation. 
The drug promazine (sparine) was chosen in preference to chlor- 
promazine on the basis of reports of comparable tranquillising action 
with fewer side effects!* 19, although the psychiatric patients quoted 
were on prolonged and often high oral dosage, so that comparison 
with a single dose effect is open to question. The aim was to avoid the 
hypotension and tachycardia not infrequently encountered following 
chlorpromazine administration. Kaplan2° described several cases of 
severe hypotension following intramuscular doses of upwards of 
50mg of promazine, but the subjects were all the victims of alcoholic 
debauch. Swerdlow and Nabi?! injected promazine intravenously 
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with pethidine to supplement regional analgesia and encountered 
occasional, but significant falls in blood pressure. Following intra- 
muscular injection in circulatorily healthy children Janssen et a/.22 
concluded that circulatory tolerance to the drug was three times that 
of chlorpromazine. Briefly, then, promazine produces tranquillity and 
sedation, potentiates narcotics, prevents sickness and may in addition 
depress myocardial irritability 23. 

Caution in the use of pethidine in patients with heart disease has 
been advised by Harvey et a/.24 who described cases in which atrial 
flutter was aggravated by a decrease in the atrio-ventricular block. 
Intravenous injection in normal subjects produced variable pulse rate 
and blood pressure changes25, but the incidence of circulatory collapse 
after change in posture was significantly less than after comparable 
doses of morphine. It must be accepted that few if any narcotics or 
inhalational agents are entirely blameless in causing some cardiac 
irregularity. 

Promethazine has a well-tried antihistaminic action, a property 
deemed prophylactically valuable when local anesthetic, narcotic, dye 
and especially contrast medium may all be exhibited. Moreover, it 
possesses an appreciable sedative action of its own and diminishes 
reflex responses to pulmonary irritation. 

Diodone and sodium diatrizoate (hypaque) both commonly cause 
bronchospasm and couging when used in angiocardiography. It is the 
practice in this hospital to use the tri-iodated agent urografin which is 
significantly less troublesome in these respects. Coughing in fact is a 
rarity with this contrast medium, and the only unusual symptom 
commonly encountered after its injection into the heart is a feeling of 
warmth for one to two minutes. In common with other media 
urografin evokes ectopic beats, but these are invariably few in number. 


METHOD 


A dose of oral promethazine is given to the child on the evening before 
the investigation on the basis of 2.5—-Smg/stone (0.4-0.8mg/kg). 
Ideally a single injection is given intramuscularly one-and-a-half 
hours before catheterisation is begun and the child remains lightly 
asleep throughout the period of investigation and for a few hours 
afterwards. It is not possible to lay down hard and fast rules as regards 
dosage, since some children are cyanosed and some in various degrees 
of cardiac failure, so that each case must be treated on its merits. We 
agree with Code Smith et a/. that it is better deliberately to underdose 
in cases of doubt and later to provide intravenous supplementation. 
In this series the following basic dosage came to be adopted: 


Pethidine 10mg/stone (1.6mg/kg)+ 10mg 
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Promethazine 5 mg/stone (0.8mg/kg)+-5mg 
Promazine 5mg/stone (0.8mg/kg) 


Further increments of pethidine 5-10mg were given intravenously 
when indicated by restlessness or complaint by the patient. 

It is usual only to administer oxygen by mask for some five minutes 
before, during and after the injection of contrast medium. Since it is 
necessary to re-position the patient at this stage of the proceedings, 
the opportunity is taken to explain to older children that they are to 
have a final injection which might make them feel hot, but that the 
sensation will pass off quickly. 

Cineangiography usually concludes the series of studies. 


RESULTS AND COMPLICATIONS 


Within the past two years fifty-eight children under the age of thirteen 
have been managed in this way and of this number thirty-seven were 
submitted to angiography in addition to physical and chemical studies. 
Children under the age of six months have not been subjected to this 
method. To merit investigation at this age they are likely to be critically 
ill and can be managed satisfactorily with promethazine intra- 
muscularly and chloral by mouth. 

The average length of time taken from the infiltration of local 
anesthetic into the skin to the final withdrawal of the catheter was 
two hours and twenty minutes (longest three hours and fifteen minutes ; 
shortest thirty minutes). 

There have been no deaths in the series. 

Compared with the methods of Code Smith et a/.13 and Mitchell 
and Minor!2 (TABLE 1) our practice is to give distinctly less pethidine 


Table 1 
AUTHORS PETHIDINE CHLORPROMAZINE PROMETHAZINE PROMAZINE 
(mg/st) (mg/st) (mg/st) (mg/st) 
Code Smith er al. 17.2 4.3 4.3 — 
Mitchell and Minor 20 5 5 — 
Present series 10+ 5 


and rather more phenothiazine for a given weight. Moreover, we 
exceed the maximum dose of pethidine 30mg used by Code Smith, 
although more than 50mg is rarely given. Of the fifty-eight patients 
twenty-four were given intravenous supplementation of pethidine only, 
but twelve of the refractory twenty-four had been underdosed initially. 
It is surprising to find what large dose. some children will tolerate 
without undue depression. In two patients only could conditions be 
described as unsatisfactory. One child aged two years and weighing 
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28 lb (13kg) was persistently wakeful in spite of additional pethidine 
and promethazine, but sleep was easily induced with 50 per cent 
nitrous oxide in oxygen to enable angiography to be performed, as a 
result of which a diagnosis of tricuspid atresia was made. The second 
child, a mongol, was aged six years and weighed 46 Ib (20kg). He was 
so wide awake (in spite of a full dose of premedicant drugs) that 
atropine 0.6mg and rectal thiopentone 500mg were given, when 
tranquillity was achieved. 

Single episodes of vomiting occurred in four children, but vomiting 
was persistent in one only. 

Of the thirty-seven patients submitted to angiography with 
urografin only one coughed after injection of the medium. 

One incident of pulmonary collapse was experienced : 


A female mongol child, aged twelve years and weighing 57lb (26kg), was a 
known bronchiectatic and was thought to have an Eisenmenger abnorm- 
ality. After two hours and prior to angiography, dyspnoea and increased 
cyanosis were noted and collapse of the upper lobe of the right lung was 
observed on the X-ray screen. The investigation was stopped and physio- 
therapy with antibiotic cover instituted. The lobe had fully expanded by the 
following day. She was subsequently re-catheterised for angiography 
without further complication. 


No alarming instances of tachycardia have been noted. Ectopic heart 
beats were of course common during movement of the catheter tip 
within the heart and any persistent runs were invariably ended by 
re-adjustment of the catheter. Ectopic beats after injection of contrast 
medium were frequent and seldom caused anxiety, although one case 
of nodal rhythm was encountered : 


A male child, aged seven years, was diagnosed as having pulmonary stenosis 
and atrial septal defect. He required supplementary intravenous pethidine 
10mg for restlessness during catheter studies. Following angiography, he 
developed atrio-ventricular block and nodal rhythm. Oxygen inhalation was 
continued and the catheter removed. Sinus rhythm returned after seven 
minutes. 


On return to the ward the children often slept lightly for the remainder 
of the day. Due observation was made for possible respiratory depres- 
sion before leaving the catheter room. Two children who had been 
given pethidine just before the angiogram were thought to be so 
depressed, and were effectively treated with intravenous nalorphine 
2mg. 


SUMMARY 


A simple method for the management of cardiac investigations in 
children is described. The single technique serves the requirements of 
prolonged cardiac catheterisation and of angiography. Fifty-eight pat- 
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ients under theage of thirteen have been investigated without mortality. 
Following oral promethazine which is given the evening before, a 
combination of pethidine, promethazine and promazine is injected 
intramuscularly one-and-a-half hours prior to the start of catheteri- 
sation. Supplementary intravenous pethidine is not infrequently added 
during the course of investigations, but this is not taken to mean that 
the initial dose has been a failure. The complications which were met 
are noted and these are not considered of sufficient magnitude to 
detract from the usefulness of the method. 
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The effect of scopolamine on methohexital 
anesthesia 


JOHN W. DUNDEE, mp, Php, FFARCS 
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Preliminary reports on methohexital suggest that it is a drug of great 
promise which may displace thiopentone for use in minor surgery, 
particularly in outpatients. However, there is a diversity of opinions on 
the incidence of complications associated with its use, but many of the 
controversial findings may be due to the use of varying forms of 
premedication. The authors have found that the use of pethidine 
100mg significantly reduced the incidence and severity of spontaneous 
involuntary movements of limbs following the injection of metho- 
hexital'!, while, after premedication with promethazine 50mg, the inci- 
dence of this complication became prohibitive. It was also noted that 
these forms of premedication had a similar, but much less marked 
effect on the course of thiopentone anesthesia. 

Further studies with this barbiturate have shown that it is unique 
amongst the intravenous anesthetics in clinical use as regards the 
extent to which the pattern of anesthesia is affected by the pre- 
anesthetic medication. This paper compares the effect of scopolamine 
0.4mg with that of atropine 0.6mg and also these two antisialogogues 
combined with pethidine. Attention is drawn to the statistical method 
employed since this has proved very useful for ‘screening’ various 
forms of premedication and comparing their action with that of drugs 
for which data is already available. 


METHOD 


This study was carried out in an identical manner to those referred to 
above! 2. Methohexital (2 per cent w/v) was given by intermittent 
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injection, combined with 75 per cent nitrous oxide in oxygen for the 
operation of uterine curettage in geod risk subjects. The incidence of 
various complications during anesthesia was noted and the condition 
of the patients was observed at intervals until six hours after operation. 


Sequential analysis 


From our previous experience with methohexital it was concluded 
that the incidence of induction complications which occurred when 
the drug was given after premedication with atropine alone was suffi- 
ciently low as not to be a major disadvantage of its use. Moreover, as 
stated above, the incidence which followed the pre-anesthetic use of 
promethazine was so high as to be clinically unacceptable. Two aspects 
of the induction characteristics were selected as criteria for classifying 
the effect of premedication as ‘acceptable’ (atropine-like) or ‘unaccept- 
able’ (promethazine-like). These were the incidence of (a) excitatory 
phenomena and (4) grade | anesthesia. 

From the available Cata with atropine! and promethazine-atropine 


18 
PETHIOINE 100mg 
TOTAL No OF CASES 


10 
TOTAL No OF CASES 


FIG. | Results obtained with the course of anesthesia in successive cases was 
plotted on the sequential graph described in the text. 


premedication? two sequential plans (FIG. 1) were drawn having the 
following characteristics : 


INCIDENCE OF EXCITATORY INCIDENCE OF GRADE | 


PHENOMENA ANASTHESIA 
hy +2.383 +3.635 
ho ~ 3.637 2.383 
0.553 0.447 


With both these plans « 0.05 and B=0.10. This means that there is 
a 5 per cent chance of error in rejecting a form of premedication 
because of the incidence of excitatory phenomena and a 10 per cent 


F 
ror 

“Ey 


196 ANASTHESIA 


chance of error in accepting it on the same basis. Likewise the probabil- 
ity of wrongly classifying a premedication as satisfactory on the basis 
of the incidence of grade | anesthesia is | in 20, while the probability 
of rejection in error on the same criteria is | in 10. These probability 
limits were chosen not only because they are generally acceptable, but 
because they enabled one to classify a form of premedication as either 
(a) acceptable, (6) non-acceptable or (c) worthy of further study after 
not more than thirty-five administrations. 

The findings with each case are entered in the sequential plan at the 
end of the administration, thus enabling a verdict to be reached in the 
minimum number of administrations. 

It was considered justifiable to eliminate from further study a form 
of premedication which appears to have few merits such as sedative or 
anti-emetic actions, on its rejection on the incidence of grade | 
anesthesia alone. However, it was felt that this was a very stringent 
test of the effect of a premedicant on the course of anesthesia since 
classifying an administration as grade | excludes the occurrence of 
even the most minor complication. Because of the widespread use of 
scopolamine, it was felt necessary to continue the study after it had 
been shown to produce too high an incidence of grades 2 and 3 
anesthesia, in order to see what effect it would have on the incidence 
of spontaneous muscle movements occurring following the injection 
of methohexital. 


RESULTS 


The results of the sequential method of recording data are shown in 
FIG. 1. This shows that after eight administrations it was established 
that the use of scopolamine as premedication was associated with an 
unacceptably low incidence of grade | anesthesia. Further administra- 
tions revealed that it increased the frequency of spontaneous muscle 
movements as compared with atropine premedication. 

In order to demonstrate the validity of the method of analysis 
employed data obtained with pethidine 100mg premedication is includ- 
ed. (These are additional cases to those of the previous report!.) This 
confirms that the pre-anesthetic use of pethidine significantly reduces 
the incidence of excitatory phenomena associated with methohexital 
and increases the frequency of grade | administrations. 

Although irrelevant to the present discussion, the results with pethi- 
dine 100mg and scopolamine 0.4mg are also included in FIG. 1. It can 
be seen that this is also an acceptable form of premedication for use 
with methohexital. Some importance can be attached to the fact that 
more administrations were required for ‘acceptance’ of the pethidine- 
scopolamine mixture than for pethidine alone, but this does not mean 
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that there is a significant difference between the effects of these two 
forms of premedication. 

Since scopolamine is a widely used form of premedication, its 
deleterious effect on the grades of anesthesia with methohexital is of 
great clinical significance and it was felt necessary to examine the over- 
all findings in detail. TABLE | gives the physical characteristics of the 
patients in each group and the average duration of the anesthetics and 
operations. The number of patients premedicated with atropine is 
greater than the series from which the limits of the sequential plans 
described above were calculated, and the significance of this will be 


Table 1 


Physical characteristics of patients, nature of operations and duration of 
anesthesia and operations in the four groups of cases under study 


PREMEDICATION ATROPINE SCOPOLAMINE PETHIDINE 
0.6mg 


No of patients 95 

Average (yrs) 34.7+ 1.61 

\verage weight (kg) 58.0+0.15 

Average duration (mins) 
Anesthesia 10.4 
Operation 8.5 

Incidence of dilatation 

of cervix 49% 


discussed later. TABLE | reveals that each premedicant drug under 
study was administered to a comparable group of patients. 

The incidence of complications during anesthesia is shown in 
TABLE 2. The significance of the increased incidence of excitatory 
phenomena and low incidence of grade | anesthesia in the scopolamine 
series has been explained above. Although the use of scopolamine 
reduced the incidence of respiratory upset as compared with atropine, 
the difference is not of statistical significance (x2=3.138; df=1; 
0.10> P> 0.05). It did not appear to increase either the incidence or 
duration of hypotension which followed the standard induction dose 
of barbiturate. 

In contrast to the action of scopolamine, an¢ :n confirmation of our 
previous findings', it can be seen that the pre-anesthetic use of pethi- 
dine significantly decreases the incidence of excitatory side effects 
associated with methohexital, thus increasing the number of uncompli- 
cated administrations. In this study, it was not found to increase the 
hypotensive action of the barbiturate. 

On the other hand, the effects of the pethidine-scopolamine mixture 
are not beneficial. Compared with pethidine the incidence of excitatory 
phenomena was slightly increased (although the difference is not signifi- 


— 

35 89 35 ee 
32.8 1.61 30.7 1.01 30.1 + 1.22 

60.0 +. 2.29 56.2+ 1.44 53.9 4.2.03 

8.1 8.9 8.8 

7.3 7A 7.6 

46% 56% 69% 
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Table 2 


Percentage incidence of complications during methohexital anesthesia with 
four forms of pre-anzsthetic medication, and the condition of the 
patients two minutes after the end of operation 


PREMEDICATION ATROPINE SCOPOLAMINE PETHIDINE SCOPOLAMINE 
0.6mg 0.4mg 100mg 0.4mg 
PETHIDINE 


100mg 
Excitatory phenomena 
17 


Tremor 
Muscle movement 
Nil 
Respiratory upset 
Cough/hiccough 
Laryngospasm 
Nil 
Marked respiratory 
depression 
Hypotension 
Nil 20mm/Hg) 
20-40mm/Hg fall 
41 +mm/Hg fall 
Duration* 
5 mins 83 
5-10 mins 17 
10 mins + — 
Grade of anesthesia 
1 23 
2 60 
3 17 
Condition at end 
Awake 57 
Safe 40 57 
Unsafe 3 14 


* Based on number of patients showing any degree of hypotension 


cant (P<0.30) and hypotension occurred more frequently (x2=11.241; 
df=1; P<0.001). The overall effect, as judged by the grades of 
anesthesia, is not appreciably different from that of pethidine. 

A complication which the present system of presentation of data 
does not permit inclusion in TABLE 2 occurred in two patients. One 
received scopolamine as sole premedication while the other was given 
pethidine-scopolamine. Uncontrollable muscle movement necessitated 
the administration of two small doses of suxamethonium (10-20mg) 
to each patient and the second injection was followed by a fall in the 
heart rate to 36-40. This was quickly restored to normal by the intra- 
venous injection of 0.6mg atropine. 


DOSAGE 


TABLE 3 shows that the average induction dose of methohexital was 
similar for all four groups of patients. The pre-operative use of scopo- 
lamine did not reduce the average total requirements of barbiturate as 
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Table 3 
Average induction and total doses of methohexital 
PREMEDICATION ATROPIN® SCOPOLAMINE PETHIDINE SCOPOLAMINE 


0.6mg 0.4mg 100mg 0.4mg 
PETHIDINE 
100 mg 


Induction (mg/kg) 1.60+0.02 1.60 +0.02 1.59+0.03 1.60+0.02 
Total (mg/kg) 2.38 +.0.09 2.26+0.11 2.08 + 0.07 2.24+0.10 


Difference between 
average total doses 


t= 0.831 1.988 
P= 0.50> P> 0.40 <0.05 


compared with atropine, but there was a marked reduction in those 
patients premedicated with pethidine (t=2.676; df=183; P<0.001). 
The most unexpected finding was that the patients who were given 
pethidine and scopolamine required, on the average, a significantly 
greater dose of methohexital for completion of the operation than 
those who received pethidine alone. This increase in dosage was such 
that the former group of cases received about the same total dose of 
drug as the control atropine series (0.40> P> 0.50). 

The incidence of patients premedicated with scopolamine who re- 
quired supplementary doses of methohexital during the operation (71 
per cent) is less than in those who received atropine (85 per cent), 
although the difference is not highly significant (x?=3.173; df=1; 
P <0.10). However, the pre-anesthetic use of pethidine reduced the 
incidence to 66 per cent, which is significantly lower (x?=9.281; 
df= 1; P<0.01) that in the atropine series. 

These figures were somewhat unexpected, since the authors had 
formed the impression that premedication with scopolamine reduced 
the requirements of methohexital required for the standard operation 
as compared with atropine. Further analysis of the data revealed that, 
in the scopolamine series, supplementary doses of methohexital were 


Table 4 


Relationship between incidence of patients requiring supplementary doses of 
methohexital and the occurrence of excitatory phenomena after its injection 
PREMEDICATION ATROPINE SCOPOLAMINE 
Occurrence of 
excitatory phenomena + 


Need for supplementary 
dose of methohexital 


Yes 25 56 
No 2 12 
Significance of relation- 


ship between factors 
under study 0.20> P> 0.10 
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more frequently required in the patients who exhibited either invol- 
untary muscle movements or tremor, but no such relationship could 
be demonstrated in the atropine cases (TABLE 4). 

This finding necessitated calculating the average total doses of 
methohexital with both forms of premedication and considering 
separately those patients who did and did not exhibit excitatory pheno- 
mena and excluding cases who required suxamethonium to control 
muscle movements. TABLE 5 shows that there was a significant differ- 
ence between the average doses required by the two groups of patients 
when scopolamine premedication had been given, but not when atro- 
pine was used. The most important information revealed by TABLE 5 
is that grade | — scopolamine patients, on the average, required a 


Table 5 


Further analysis of total requirements of methohexital in patients premedicated 
with atropine and scopolamine 


PREMEDICATION OCCURRENCE OF EXCITATORY AVERAGE TOTAL DOSE 
PHENOMENA (mg/kg) 


Atropine - 2.27 + 0.08 
2.73 +0.23 


Scopolamine - 1.79 + 0.07 
+ 2.58 +.0.15 


Significance of average difference between series with and without excitatory phenomena 


Atropine t= 1.825; df=93; 0.10> P> 0.05 
Scopolamine t =3.892; df= 30; P <0.001 


significantly lower total dose of methohexital than the comparable 
atropine cases (t=3.10; df=80; P<0.01). Premedication did not 
affect the total dosage in those patients in whom muscle movements 
or tremors occurred. 

This rather involved analysis of dosage has revealed an interesting 
phenomenon. Where excitatory phenomena did not complicate the 
induction of anesthesia, premedication with scopolamine significantly 
reduced the average total requirements of methohexital, as compared 
with the control atropine series. However, when this complication was 
present there was no difference between the average total requirements 
of barbiturate. Since some form of abnormal muscle activity occurred 
after injection of methohexital in 54 per cent of patients premedicated 
with scopolamine as compared with 28 per cent of those who received 
atropine, no difference was found between the overall average total 
barbiturate requirements with the two forms of premedication under 
study. There seems little doubt that this is the explanation for the 
greater dosage required (TABLE 3) with pethidine-scopolamine pre- 
medication (17 per cen‘ excitatory phenomena) as compared with 
pethidine alone (8 per cent excitatory phenomena). 
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Considering the condition of the patients two minutes after the end 
of operation (TABLE 2) in the light of the dosage studies (TABLES 3-5), 
it would appear that scopolamine delays recovery from methohexital. 
This does not occur with pethidine, but one must remember the lower 
total dose of barbiturate required after this form of premedication 
(TABLE 3). The combination of pethidine and scopolamine has a very 
marked effect in delaying the return of consciousness after methohexital 
anesthesia. 


Nausea and vomiting 


Since one cannot ‘pool’ cases with and without dilatation of the cervix, 
a ‘corrected’ incidence of these sequelz is given in TABLE 6. This is the 


Table 6 


‘Corrected’ percentage incidence of post-operative nausea and vomiting occurring 
during first six hours after operation. For method of calculation see text 


PREMEDICATION ATROPINE SCOPOLAMINE PETHIDINE SCOPOLAMINE 
0.6mg 0.4mg 0.4mg 
PETHIDINE 
100mg 
First post-op. hour 
Nausea and 
vomiting 
Nausea 
Nil 


1-6 hours after operation 
Nausea and 
vomiting 11.5 
Nausea 
Nil 84.3 


First 6 hours after operation 


mean value of the percentage incidence occurring in dilatation and 
curettage patients and in those undergoing curettage alone. The signifi- 
cance of these findings have been calculated from absolute figures, 
considering the two groups of patients separately. The relevant 
findings are as follows: 

| With scopolamine premedication, there was a significant reduc- 
tion in the total incidence of nausea and vomiting during the first 
hour after operation in patients having curettage alone. 

2 In the same operation group, those premedicated with pethidine 
and scopolamine showed a significantly lower incidence of nausea 
and vomiting during the first hour after anesthesia as compared 
with those who received pethidine alone. 


a 

= 

3.1 23.2 39.6 Bee 
11.5 12.3 21.3 a 
85.4 64.5 39.1 aa 
Nausea and 
vomiting 20.0 5.8 37.7 45.8 a 
Nausea 11.6 14.6 16.6 11.7 SPB: 
Nil 68.4 79.6 45.8 33.5 PS 
2 
a 
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3 The above trends also occurred in dilatation and curettage cases, 
but did not reach the 5 per cent level of significance. 

4 Scopolamine did not affect the incidence of nausea and vomiting 
occurring later than the first hour after operation and caused no 
reduction in the overall incidence recorded during the first six 
hours. 


Amnesia 


About one quarter of all patients who received scopolamine had no 
recollection of their visit to the operating theatre, but this did not 
occur in cases premedicated with atropine or pethidine. 


DISCUSSION 


The sequential method of analysis described in this paper was not used 
to its best advantage in this investigation since the authors were parti- 
cularly anxious not to condemn such a widely used form of pre- 
medication as scopolamine without being absolutely certain that, 
under the conditions of the study, it had a deleterious effect on all 
aspects of the course of methohexital anesthesia, as compared with 
atropine. On examining FIG. | in retrospect, it will be seen that this 
conclusion could have been reached with about half the cases in 
TABLE 2. In studies of this kind it is necessary to keep variables to a 
minimum and the authors have achieved this by limiting observations 
to a single operation, using a standard anesthetic technique and 
excluding all but good risk patients. This raises difficulties in obtaining 
sufficient numbers of suitable cases, particularly since it is planned to 
study the effect of a large number of drugs. Under these circumstances, 
the statistical method used in this investigation offers great possibili- 
ties and provides the greatest amount of information from the 
smallest possible number of cases. 

In the most commonly used method of sequential analysis the drugs 
under study are used alternately and in each of the matched pairs 
one either records a preference for one particular drug or no difference 
between the drugs (tied pair). The investigation continues until either 
the number of preferences for a particular drug reaches the required 
level of significance or a predetermined number of untied pairs fails to 
reveal a difference between the drugs. This method could have been 
applied to this study, with atropine 0.6mg and scopolamine 0.4mg 
being used as premedication for alternate cases. As described above, 
two separate sequential plans could have been prepared to record both 
the occurrence of excitatory phenomena and a preference for the 
better grade of anesthesia. 

This method would have necessitated a further large series of pati- 
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ents premedicated with atropine and thus prolonged the trial. The 
greatest difficulty, however, would not have been in deciding the rela- 
tive merits of atropine and scopolamine, but in determining whether 
or not the incidence of side effects which followed the use of scopo- 
lamine was prohibitively high. To carry out a comparison with pro- 
methazine 5Omg would not have been justified in the light of our 
published experience with this latter drug. 

The alternative method of analysis is free from two of the in- 
accuracies which are inherent in the technique we have employed, viz. 
irrespective of the premedication, the incidence of complications is 
likely to become less as one’s experience with the use of a new drug 
grows and increasing familiarity with recording of relevant data may 
give a truer (and higher) incidence of complications in more recent 
cases. (Obviously, neither of these factors will apply when the drugs 
under study are given to alternate patients.) Since the method of 
recording data has been evolved over a period of time by the authors 
and their colleagues, we can ignore the possibility of observer error in 
recording data. Until these studies were started only one of the 
authors (J.W.D.) had any appreciable experience with methohexital 
and, for this reason, it is necessary to see if the incidence of complica- 
tions in recent cases agrees with that of the original fifty on which the 
sequential analysis is based. The authors have not continued the 
systematic use of atropine premedication, but they have spasmodically 
collected a further forty-five cases over the past six months, when 
circumstances did not permit the administration of other forms of 
premedication. The relevant data from the original and more recent 
series is given in TABLE 7. This table also includes the original fifty 


Table 7 


Comparison of percentage incidence of excitatory phenomena and grades of 
anesthesia with methohexital in series of patients referred to in the text 


PREMEDICATION ATROPINE 0.6mg PETHIDINE 100mg 
CASES 1-50 51-95 1-50 51-88 
Excitatory phenomena 
Tremor 22 12 0 3 
Muscle movement 14 16 8 5 
Nil 67 77 92 92 
of anesthesia 


2 
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pethidine cases together with a more recent series of thirty-eight 
observations which have been anesthetised in connection with another 
investigation. No further cases have been premedicated with 50mg 
promethazine, but this is of less importance since it was only used to 
set an arbitrary upper limit of the incidence of complications which 
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the authors considered to be too great for routine clinical anesthesia. 

TABLE 7 shows that, although there was a slight reduction in the 
incidence of excitatory phenomena in the more recent atropine cases, 
the distribution of grades of anesthesia was virtually unchanged. Even 
greater consistency of findings occurred with pethidine premedication. 
Thus, we can be assured that findings based on our method of sequen- 
tial analysis are reliable, when applied to patients anesthetised by the 
authors several months after obtaining the initial data. 

One must consider these findings in the light of the possible clinical 
use of methohexital in anesthesia for minor procedures. Premedication 
with scopolamine, by increasing the incidence of muscle movements 
associated with this barbiturate, may necessitate the more frequent use 
of suxamethonium to facilitate anesthesia. The risk of muscle pains 
following the use of this relaxant in ambulant patients is well known 
and for this reason, it is suggested that this form of premedication 
should not be employed under these circumstances. 

Another even more dangerous complication of the scopolamine- 
methohexital-suxamethonium combination is the profound brady- 
cardia which we encountered on two occasions. These two events 
assume more prominence when considered in the light of our total 
experience with methohexital. In five-hundred-and-forty-five patients 
who received atropine as a constituent of the premedication, the occur- 
rence of muscle movements necessitated the use of suxamethonium, in 
one or more doses, on fifty-six occasions, but bradycardia was not 
encountered. With our seventy patients who received scopolamine, 
suxamethonium was required eight times and there were two incidences 
of severe bradycardia. Other authors have noted this complication 
following the injection of more than one dose of suxamethonium in 
patients who did not receive atropine in the premedication} 4 and 
Bullough has recorded the occurrence of transient cardiac arrest under 
these circumstances‘. In the light of our experience, the authors feel 
that premedication with scopolamine should be considered a 
contraindication to the use of methohexital. 

Another disadvantage of the use of scopolamine is the delay in 
recovery which we noted in TABLE 2. This is also particularly 
undesirable in outpatients. 

It is interesting to speculate on one possible cause of the increase in 
incidence of muscle movement which the pre-anesthetic use of scopo- 
lamine causes during methohexital anesthesia. In association with 
these studies, the authors have been making observations on the effect 
of the premedicant drugs on the appreciation of pain sensation using 
the method of analgesimetry which they have recently described®, In 
TABLE 8 we have listed the incidence of changes detected seventy-five 
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Table 8 


The action of various forms of premedication on the appreciation of pain and 
associated incidence of excitatory phenomena with methohexital anesthesia 


INCIDENCE OF ACTION ON APPRECIATION OF PAIN INCIDENCE OF 
PREMEDICATION DECREASED NO CHANGE INCREASED EXCITATORY 
PHENOMENA 


Pethidine 100mg 62% 31% Tx 8% 
Scopolamine0.4mg 15% 55% 30% 54% 
Pethidine- 

scopolamine 66% 17% 17% 17% 
Promethazine 50mg 4% 29% 67% 81% 
Pamergan P.100 31% 41% 28% 35% 


to ninety minutes after injection of the premedication, together with 
the frequency of excitatory phenomena following each form of pre- 
medication. We have also included the data on promethazine 50mg 
and the mixture of promethazine 50mg and pethidine 100mg (pamer- 
gan P.100) which has been reported elsewhere’. This shows a striking 
relationship between the percentage of patients in which the pre- 
medication caused an increased appreciation of pain sensation and the 
frequency of excitatory phenomena which occurred with methohexital 
anesthesia. It is not possible to be dogmatic about this relationship 
from these few results and further studies are being carried out to see 
if this applies with other drugs. Our observations of the action of 
scopolamine on the appreciation of pain are supported by the work of 
Gross and his colleagues *, who found that it decreased both the inten- 
sity and duration of the analgesia produced by morphia, pethidine and 
methadone. 


SUMMARY AND CONCLUSIONS 


The effect of premedication with scopolamine 0.4mg and a mixture of 
scopolamine 0.4mg and pethidine 100mg on the course of methohexital 
anesthesia has been studied and our findings compared with those 
obtained when atropine 0.6mg or pethidine 100mg-+-atropine 0.6mg 
were employed. The number of observations necessary to complete 
the study was determined by the method of sequential analysis which 
we have described in detail. 

Our findings show that scopolamine is an unsatisfactory form of 
premedication for use with methohexital. We feel that, on occasions, 
the complications resulting from its use may be dangerous. 

A possible explanation for our findings is suggested. 
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Addendum 


Since this paper was sent to press, the British Pharmacopceia Commission have 
selected METHOHEXITONE as the approved name for methohexital. 
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Indications for steroid anesthesia 


GEORGE R. DOW, MB, ChB, DA 


Department of Anesthetics, Western Infirmary, Glasgow W1 


The introduction of steroids into anesthesia stemmed from the dis- 
covery by Selye, in 1941, of the anesthetic properties of some steroid 
hormones. Selye found pregnanedione, a reduction product of proges- 
terone, suitable for use as an anesthetic agent because of its lack of 
hormonal biological activity. In 1955, Laubach ef a/.! synthesised the 
derivative 21-hydroxy-pregnane-3,-20-dione, which was conjugated 
with succinic acid to form a water-soluble hemisuccinate and this drug 
(hydroxydione) has since become commercially available as Viadril 
and Presuren. 

The first of a number of reports dealing with the uses of hydroxy- 
dione in anesthesia were published in 1955 (Gordan et a/.2, Murphy 
et al.3) and in this country steroid anesthesia has enjoyed a limited 
vogue. That it has not become widely popular is probably due to the 
comparatively tedious methods of administration of the earlier com- 
mercial preparations, and of the relatively high incidence of venous 
reactions following their use. 

Hydroxydione has a considerably higher safety margin than the 
thiobarbiturates, the therapeutic index being two to three times greater. 
Induction of anesthesia, by intravenous injection, is smooth and pleas- 
ant. Within two or three minutes the patient becomes drowsy and soon 
falls asleep. The jaw relaxes early and an endotracheal tube may be 
passed with comparative ease, though the patient will resent this if the 
intubation is performed before the laryngeal reflexes have become 
obtunded (usually about fifteen minutes after the injection). There is 
no tendency towards vomiting or laryngeal spasm during the induction 
and the vegetative centres of the brain remain unaffected by the doses 
employed so that the respiratory and cardiovascular systems may 
show little change. Recovery is remarkably free from unpleasant side- 
effects and patients are usually tranquil and even euphoric in the post- 
operative period. Hydroxydione has been recommended as a basal 
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anesthetic in operations on the aged, the debilitated, alcoholics, 
diabetics‘ and in those with respiratory difficulties, and its use has also 
been suggested in tetanus and delirium tremens’. 

The present investigation of this agent was inspired by Galley and 
Lerman’s account® of a simple technique for the administration of 
hydroxydione using a weak solution of procaine as the solvent, with a 
considerably lower incidence of damage to veins than had previously 
been described. In the present series eighty-seven patients were anes- 
thetised using hydroxydione in this way as a basal anesthetic. Details 


Table 1 


Appendicectomy 
Herniorrhaphy 
Colectomy 
Abdomino-perineal resectior 
Intestinal obstruction 
Gastro-enterostomy 
Partial gastrectomy 
Cholecystectomy 
Cesarean section 
Forceps delivery 
Abdominal sterilisation 

EUA 

Radium implant to uterus 
Mastectomy 

Circumcision 

Mitral valvotomy 

Cardiac catheterisation 

Partial cystectomy 

Amputation of leg 

Nail-plate to femur 

Open reduction of fractured tibia and fibula 
Ligation of varicose veins 

Incision of abscess 

Tracheostomy 


w 


o 


of some cases are given in which hydroxydione was thought to have 
been of special value and the results obtained in thirty-one cesarean 
sections are described. Ages ranged from four to ninety years and six 
patients of over seventy years of age were included. Forty-two were 
emergency cases and nine of the patients were very poor risks. 


METHOD OF ADMINISTRATION 


Hydroxydione was injected intravenously in a 5 per cent solution dis- 
solved in 0.5 per cent aqueous procaine hydrochloride, the range of 
dosage in adults generally being from 0.6 to 1.0g. Whenever possible, 
a large antecubital vein on the radial side was selected for the injection, 
which was made rapidly (never more than fifteen seconds for 20ml) 
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using a wide-bore serum needle. There was no complaint of pain at 
the time of injection in any case and where a suitable large vein was 
available no post-operative venous complications resulted. On four 
occasions patients mentioned that they had, briefly, a ‘taste of am- 
monia’ almost immediately after the injection. In twelve cases, it was 
not possible to find a suitable vein in the antecubital region and a 
smaller vein was used in the forearm or on the back of the hand. Of 
these, six had mild to moderate inflammatory reactions as shown by 
redness and tenderness of the injected veins and their nearby branches, 
in the two or three days following operation. None of these required 
any special treatment. In one further case, there was swelling of the 
forearm near the site of injection on the morning following operation, 
but the cedema rapidly subsided when a kaolin poultice was applied: 
in this instance, the arm veins had been extensively used for other pur- 
poses, and inflammatory change was probably already present. It is 
concluded that a rapid injection of hydroxydione and procaine into a 
large-bore vein is unlikely to cause appreciable venous damage, where- 
as if the injection is made into a small vein a reaction will follow in a 
large proportion of cases. The important factor may be the length of 
time during which the steroid is in contact with the vein wall. It should 
be stressed, in view of papers on this subject !9 1! that the same care 
should be exercised as with other drugs in avoiding perivenous or 
intra-arterial injections, and their distressing sequelae. 

As far as possible, supplementary anesthetic agents were limited 
mainly to nitrous oxide with oxygen, so that the anesthetic potential 
of hydroxydione could be more accurately assessed. When a further 
agent was required trichlorethylene proved to be suitable, as did small 
intravenous doses of pethidine. So far as muscle relaxants were con- 
cerned, it was found that these were needed in the usual doses during 
operations in which they would normally be required. In one elderly 
hypertensive, the administration of d-tubocurarine was followed im- 
mediately by a fall in blood pressure from 140mm/Hg systolic to 
70mm/Hg. This fall was quickly reversed when 10mg methylampheta- 
mine was given intravenously. This was the only case to show any 
significant fall in blood pressure and d-tubocurarine was used without 
incident in many others. The muscle-twitching associated with an 
initial dose of succinylcholine was absent in many of these cases in 
which hydroxydione had been given, and when it did occur, was limited 
to slight movement of the facial muscles. This lack of movement was 
thought to be of advantage in anesthetising intestinal obstructions, 
obstetric cases and others where even a brief, but sudden contraction 
of the abdominal muscles might tend to produce a regurgitation of 
stomach contents; it was felt that endotracheal intubation could thus 
be more safely performed. The combination of hydroxydione with 
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either gallamine or succinylcholine seemed to be associated, in some 
cases, with an increased tissue vascularity which was not a feature 
when the relaxant used was d-tubocurarine. In cases where a relaxant 
was not used a moderate vascularity of the superficial tissues was 
sometimes seen, but was not troublesome. 

Premedications used were papaveretum 20mg and |yoscine 0.4mg 
for most adults under the age of fifty-six years, an: | pethidine 50-100mg 
with atropine 0.6mg or atropine alone for the others. This proved 
satisfactory in all but one case. The exception was a forty-six year old 
woman who had, due to error, been given papaveretum late (approxi- 
mately twenty minutes before she came to theatre). Induction with 
hydroxydione proceeded normally, but respiration soon became de- 
pressed and the rate slowed to two per minute. Normal breathing was 
re-established after ten minutes of controlled respiration. 

Post-operative sedation was restricted to pethidine, in doses of from 
50-100mg with good results. 


DISCUSSION AND SPECIAL APPLICATION 


The amount of the steroid required to produce satisfactory anesthesia 
depended on the patient’s age, body build and general condition. Even 
large doses — up to 2g — could fail to produce satisfactory conditions 
ina muscular 100kg labourer having an appendicectomy. Reflex move- 
mentstill occursin sucha patient, although he may appear satisfactorily 


asleep before the first incision is made. It is always possible to sup- 
plement the anesthetic with other intravenous or inhalational agents 
and so secure satisfactory operating conditions: hydroxydione is then 
relegated to the role of an induction agent. Used in this way, it hardly 
competes with thiopentone in the average case. On the other hand, the 
special properties of hydroxydione can be best exploited in the problem 
case. The following summaries may serve to illustrate this point: 


CASE | 


A male, aged 64 years. This patient had a carcinoma of the pyriform sinus 
extending into the larynx. Following radio-therapy the tissues had become 
necrotic and infected and acute respiratory obstruction occurred neces- 
sitating a tracheostomy. The patient came to theatre with marked stridor 
and was mildly cyanosed. Premedication consisted of pethidine 50mg with 
atropine 0.6mg and induction was by 1.0g hydroxydione intravenously. 
Oxygen was administered by face mask while he gradually lost conscious- 
ness and was continued until the patient’s jaw was fully relaxed (i.e., about 
ten minutes). A laryngoscope blade was then introduced into the patient’s 
mouth and an attempt made to view the cords. It was necessary to aspirate 
some purulent material before these could be seen and the glottis was found 
to be considerably stenosed by tumour and inflammatory tissue. Various 
endotracheal tubes were tried and eventually a number 5 Magill tube was 
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inserted. The jaw relaxation and the continuing respiration of this pre- 
oxygenated patient under hydroxydione anesthesia made these manceuvres 
relatively simple. Anesthesia was continued with nitrous oxide-oxygen and 
the patient was awake within fifteen minutes of the end of the operation. 


CASE 2 


The patient was a female, aged 16 years, undergoing cardiac catheterisation 
for investigation of a congenital acyanotic cardiac defect. The premedication 
employed was pethilorfan 100mg and atropine 0.6mg and the anesthetic 
given was hydroxydione 1.0g (approximately I1Smg/kg body weight). 
Respiration was uninterrupted and the pulse — after an initial temporary 
increase of twenty beats per minute — remained constant throughout the 
investigation, which lasted one hour and twenty minutes. 


Hydroxydione would appear to offer ideal conditions for cardiac 
catheterisation, since a single injection (the amount calculated on a 
basis of 10-20mg/kg body weight) is all that should be required. There 
is minimal upset of respiration, pulse and blood pressure. Heavy or 
elaborate premedication is unnecessary and there is avoidance of inter- 
mittent intravenous injections of depressant drugs with their incon- 
venient influences on the vital centres. 


Cesarean section 


Thirty-one anesthetics were for cesarean section. 

Galley and Lerman’ quoting eleven cases described a technique for 
cesarean section, in which a dose of 500mg hydroxydione is followed 
by suxamethonium, endotracheal intubation performed with a cuffed 
tube and inflation of the lungs is continued with nitrous oxide-oxygen. 
Additional relaxant is given as necessary and pethidine added after the 
delivery. Scheele '!2 reports seven cesarean sections in which 1.0g of 
the steroid followed premedication with phenothiazine derivatives, 
pethidine andatropine. A larger series, of one hundred cases, is reported 
by Deliyannis'3 who used pethidine and atropine for premedication 
with hydroxydione, and in the majority combining the latter with curare 
and nitrous oxide. In his early cases he used larger doses of the steroid, 
but found that some of the babies tended to be sleepy. With the main 
group he had good results and concludes that hydroxydione is superior 
to other anesthetic drugs in this field. Kivalo and Tammisto !4, using 
a different technique, had less satisfactory results. In their series of 
sixty-five cesarean sections, 28.8 per cent of all the babies showed some 
degree of asphyxia. They used larger doses of the steroid: from 1.0 to 
1.5g. They also reported that 40 per cent of their patients complained 
of pain at the site of injection, or along the track of the vein into which 
the injection had been made. These writers used saline or water warmed 
to 37°c as the solvent, and found their technique too slow for the 
emergency case. 


a 
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Others have reported favourably on the use of hydroxydione in 
cesarean section anesthesia !5 16171811, 

Langecker and Rupprecht!® investigated the levels of hydroxydione 
and its metabolites in the maternal and funicular plasma during 
cesarean sections. They found that the anesthetically-active meta- 
bolites remain in the plasma for a shorter time than do thiobarbiturates 
and that their passage through the placental barrier is very slow, witha 
negligible effect on foetal metabolism. 

In the present trial it was decided to use the steroid (with a relaxant) 
in a dose sufficient to ensure that the mother would remain asleep under 
its sole influence until the baby was delivered, after which nitrous oxide 
and other agents could be added as necessary. At the same time, large 
doses of the steroid would be avoided. The time interval from the 
beginning of the anesthetic induction to the delivery of the baby in 
these cesarean sections was usually between eight and fifteen minutes, 
the shortest period being five minutes and the longest forty minutes. 
In this latter case, there was a surgical complication of the operation 
which was attended to before the uterus was opened. In all these sec- 
tions, the mother was anesthetised with hydroxydione together with 
oxygen and a muscle relaxant in this first phase of the operation and 
there was never any indication for the use of supplementary agents. 
The amount of hydroxydione given was always within the range of 0.6 
to 0.8g, depending on the bulk and condition of the patient. There 
was no evidence that the foetus was in any way adversely affected if the 
delivery interval was long or short. It was also found that after the 
delivery of the baby the anesthetic could be continued satisfactorily by 
the administration of a mixture of nitrous oxide—oxygen in the ratio of 
2:1. The relaxant used in the first fifteen sections was succinylcholine, 
given in intermittent doses until the end of the operation and in the 
second half of the series d-tubocurarine was used in doses of from 
20-30mg. Curarisation also was maintained until the end of the opera- 
tion. The change from succinylcholine to d-tubocurarine was made 
because in some of the earlier patients there appeared to be increased 
oozing of blood from the superficial tissues, a factor happily absent 
when d-tubocurarine was used. 

A routine plan for anesthetising patients for cesarean section was 
evolved as follows: 

Premedication was atropine 0.6mg, given intramuscularly thirty 
minutes before operation (though this time interval was often shorter 
in emergency cases). 

It was customary, in the hospital where these operations were per- 
formed, to have an intravenous drip running in each patient for 
cesarean section. The hydroxydione was prepared in the usual way, 
dissolving it in 5 per cent solution with 0.5 per cent procaine and the 
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anesthetic was injected rapidly via the transfusion set needle into a 
suitable arm vein. The drip was then connected to the needle remain- 
ing in the vein and an infusion with 5 per cent glucose commenced, to 
be replaced by blood should the need arise. At this point the surgeon 
had usually started to scrub. The patient was then positioned on the 
table and was asleep in almost every case by the time that the surgeon 
was gowned and gloved. If foetal distress was present, oxygen was 
administered to the mother from the time of her arrival in theatre. 
When the patient was asleep, the chosen muscle-relaxant was given 
into the intravenous drip and the patient was intubated with a cuffed 
endotracheal tube. Controlled respiration was maintained until the 
end of operation, using first oxygen alone and later oxygen and 
nitrous oxide as described. A closed circuit was used with carbon 
dioxide absorption and an intentional leak. 

With this induction there would appear to be little risk of vomiting 
or of inhalation of regurgitated stomach contents and it was not 
thought necessary to attempt stomach wash-outs on any pre-eclamptic 
patients coming to theatre, or on those with suspected placenta previa 
in whom any straining might have had adverse results. Otherwise, it 
was the practice to perform gastric lavage before operation in patients 
who might be thought to have any considerable amount of food material 
in their stomachs. A wide-bore «esophageal tube was, however, passed 
in each patient during the operation and any material in the stomach 
removed. 

More than half of the patients (nineteen) came to theatre in labour. 
Despite the continued presence of labour pains none of these women 
was difficult to manage during the induction period. They remained 
aware of the pains until they fell asleep, but seemed to have a certain 
detachment from them. 

Hydroxydione appeared to have a mildly tonic effect on the uterus, 
which could often be seen standing out through the gradually relaxing 
abdominal wall. The foetal heart seemed unaffected and foetal move- 
ments could be observed to continue in some cases after the mother 
had fallen asleep. The tonic effect on the uterus was not of a degree to 
present any difficulty to the surgeon, even in cases where there was 
some impaction of feetal parts in the pelvis. Retraction of the uterus 
after delivery of the child was particularly good in these cases, includ- 
ing two sections where uterine inertia had been the main reason for 
operation and in which the uterus retracted well before ergometrine 
was given. 

Of the thirty-one cases described, foetal distress was the indication 
for operation in twelve. In nine of these the infants were delivered with 
good muscle tone and respiration was established almost immediately 
after birth. In the first of the other three cases, breathing was estab- 
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lished after ten minutes. The mother had been sedated with 200mg 
pethidine intramuscularly and 50mg promazine intravenously two- 
and-a-half hours before coming to theatre and this was possibly a 
factor contributing to the foetal depression. In the second case where 
the infant was slow to breathe, foetal distress had been present over a 
period of ten hours and the infant in any case suffered from a severe 
degree of hemolytic disease making an exchange transfusion neces- 
sary. This infant subsequently died, as did the third baby, a thirty-four 
weeks gestation, delivered by section after a concealed accidental 
hemorrhage which had left the placenta attached to the uterus only 
by its rim. 

In the other nineteen cases of cesarean section, the indications for 
operation were: 


Delayed labour 5 

Placenta praevia 4 

Elective section 10 (including one severe diabetic, 
one case of poliomyelitis and 
one of cardiac debility). 


With one exception, all these babies were active and breathing well 
from birth. The exception was the second case in this group, when the 
baby appeared somewhat reluctant to start breathing, although it had 
good muscle tone and its face was screwed up as if it were about to cry. 
It did not in fact breathe regularly for five minutes. The mother had 
been hyperventilated with oxygen with a comparatively high flow-rate 
and carbon dioxide absorption and it was thought that a lowered level 
of carbon dioxide might have been produced in the infant by this tech- 
nique. In succeeding cases hyperventilation of the mother was avoided 
and the soda-lime canister was put out of the circuit for one or two 
minutes before the baby was born. 

This technique would appear to eliminate the use of any drug which 
might cause foetal depression. While no particular advantage is claimed 
for 100 per cent oxygen administration in elective or other sections 
without foetal distress, the percentage of sections performed with foetal 
distress as an indication is comparatively high. In the present series it 
was 38.7 per cent. The emergency antenatal management of a case of 
foetal distress normally includes giving oxygen to the mother, and 
foetal distress (in most cases associated with foetal anoxia, from what- 
ever cause) will often be relieved in this way. It will be remembered 
that the inhalation of 100 per cent oxygen results in an increase in the 
plasma-dissolved oxygen from 0.2 to 1.7 vols per cent. Stated in another 
way, the effective pressure head of oxygen on the tissues is increased 
by 50 per cent when pure oxygen is breathed2°, Since the oxygen 
passing across the placental barrier diffuses in the first place from the 
maternal plasma, this increase in available oxygen could be of consider- 
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able benefit to an anoxic foetus. The continuance of oxygen therapy to 
the moment of delivery would, therefore, seem to have very obvious 
advantages in cases of foetal distress, and previously this has only been 
possible with local anesthetic techniques. 


SUMMARY 


The development, characteristic features and applications of steroid 
anesthesia are discussed. Experiences with hydroxydione in eighty- 
seven patients form the basis for this paper. Observations are made 
concerning the suitability of this anesthetic for the problem case and 
instance is given of its use in respiratory obstruction and in a patient 
undergoing cardiac catheterisation. 

A new technique for the use of hydroxydione in cesarean section is 
described, which would seem to offer optimum conditions where there 
is foetal distress, and a relatively safe and pleasant anesthesia for the 
mother. 
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Hydroxydione (presuren) hypnosis for 
cardiac catheterisation 
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The management of children undergoing cardiac catheterisation pre- 
sents several problems for the anesthetist. The main difficulties are: 
The poor physical condition of many patients. 
Much of the procedure is carried out in the dark. 
To obtain reliable results, an even plane of anesthesia is 
required with the minimum alteration of cardio-pulmonary 
physiology. 
Many techniques have been suggested to comply with these condi- 
tions! 2.3 45 67 8; none are completely satisfactory and some are 
dangerous. 

In developing our present technique certain principles have been 
stressed to meet the conditions imposed upon the anesthetist. 

The safety of an ill child with limited cardiac reserve and perhaps 
impaired pulmonary function is jeopardised by excessive premedi- 
cation, especially as the child is rarely under medical supervision 
during the premedication period. Rectal administration is unpredict- 
able and, therefore, to be avoided. We aim to produce a quiet 
tranquil patient who is co-operative enough to allow venepuncture. 

Deep anesthesia is unnecessary and may endanger the child’s life. 
If local anesthetic solution is injected before cutting down on the vein, 
the procedure is painless and all that is required is an hypnotic state. 
The disadvantages of the deeper planes of general anesthesia are that 
greater changes in cardiovascular functior. are invariably produced. 
Anesthesia associated with loss of tone in the jaw muscles and 
abolition of the swallowing reflex requires strict supervision of the 
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patient’s airway. This is not easy in the dark. Supporting the chin of a 
small child may be difficult without obstructing the operator's view of 
the superior mediastinum and will expose the anesthetist’s hand to 
unnecessary radiation. We have aimed at producing a light hypnotic 
plane of anesthesia associated with retention of protective reflexes. 

Diagnosis of the cardiac defect may depend upon the accuracy of 
the measurements made. The pressure readings and oxygen saturations 
should be reliable and repeatable. A steady anesthetic state is desirable 
and this is best obtained by a single dose of a drug with a duration of 
action exceeding the time of the procedure. Supplementary doses of 
depressant drugs, such as thiopentone’, may cause a fall in oxygen 
saturation of 4 per cent to 5 per cent and this together with changes in 
blood pressure may confuse the pattern of an intracardiac shunt of 
blood. 

The primary consideration is to minimise the extent of respiratory 
and circulatory depression. Drugs known to predispose to cardiac 
arrythmias should be avoided lest ventricular extrasystoles and fibril- 
lation be produced. These are particularly liable to occur in cyanotic 
children as the hypoxic heart is very irritable and is readily disturbed 
by the tip of the cardiac catheter, particularly when the catheter passes 
through the tricuspid valve, or through a stenosed pulmonary valve. 
Drugs causing hepatic or renal changes are unsuitable as cellular 
degeneration in parenchymatous organs may occur very easily in the 
presence of hypoxia. The X-ray plant, monitoring apparatus and 
recorders used are not spark proof and flammable or explosive 
anesthetic agents should not be used. 

If it is considered that the patient’s pulmonary function and general 
condition is impaired to an extent that necessitates continuous oxygen 
therapy, then 100 per cent oxygen is given during the catheterisation. 
This produces the most constant oxygen saturations as depression of 
respiration is unlikely to cause significant change. 

It is desirable to have a rapid recovery of consciousness. Prolonged 
unconsciousness may cause anxiety after such a potentially dangerous 
procedure as cardiac catheterisation and angiocardiography. Medical 
supervision should be continued until recovery of full reflex activity. 

Promethazine hydrochloride (phenergan) was first used in our 
search for a suitable hypnotic with minimal cardiovascular depression. 
This was abandoned as side effects were common when large doses of 
the drug were used. Muscular twitchings and spastic rigidity of the 
limbs were seen. Prolonged post-operative somnolence was usual. 

Hydroxydione (presuren) has been used to produce hypnosis in the 
last sixty cases. In the dosage used hydroxydione has a duration of 
action of about ninety minutes with adequate sedation up to one 
hundred and twenty minutes. It is reported to be associated with little 
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respiratory depression, slight depression of blood pressure and mini- 
mal changes in pulse rate®. The effect on respiratory rate varies 
according to the premedication®. It is generally agreed that steady 
cardio-respiratory parameters are obtained within ten minutes of the 
administration of the drug? !!. The disadvantages that have been 
reported with hydroxydione® are the pain on injection (up to 35 per 
cent of patients), thrombophlebitis, and the three to five minute delay 
in onset of anesthesia. Hydroxydione has not been found to increase 
the irritability of the myocardium or to cause ectopic cardiac rhythms. 
A pleasant recovery period free of post-operative restlessness is 
characteristic of steroid anesthesia !2. 


METHOD 


Although we would wish to use light premedication, the success of the 
technique depends upon the initial venepuncture and injection of 
hydroxydione. It is also desirable to produce sufficient sedation to 
prevent the child becoming frightened by the unusual surroundings of 
the X-ray department, lest he should prove difficult to control should 
further diagnostic or therapeutic procedures be required. We aim to 
produce a sleepy, but co-operative patient with minimum respiratory 
and circulatory depression. In many cases the child has no recollection 
of the venepuncture. 

The premedication in this series has been varied according to the 
personal preference of the anesthetist and the preoperative condition 
of the patient. Premedication is given by intramuscular injection and 
two basic patterns have been used, one using a pethidine, promethazine 
and atropine mixture and the other papaveretum, promethazine and 
hyoscine. With pethidine, promethazine and atropine a basic dose of 
0.5-0.75mg pethidine and 0.5-0.75mg promethazine per pound body 
weight has been used. This produces mild sedation in heavier children. 
For smaller children (under 40 Ib) in good physical condition, either 
the pethidine or promethazine has been increased, according to the 
desired effect. In all but eleven patients atropine 0.2-0.6mg has been 
included in the premedication when the resting pulse was less than 
120/min. 

The papaveretum, promethazine, hyoscine combination has been 
used in twenty-one patients in a dose not exceeding 20mg (1/3gr) 
papaveretum and 0.4mg (1/160gr) hyoscine per 70 lb body weight 
together with promethazine up to 0.5mg per pound body weight for 
the fitter patients in an effort to produce better preoperative sedation. 
This combination has proved satisfactory in most cases as it has greater 
amnesic and analgesic properties, but it does appear to cause a 
greater depression of respiration than the pethidine-promethazine 
combination. 
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Nalorphine was given at the end of the procedure to eighteen of the 
patients who were premedicated with the papaveretum combination 
with a view to reversing any residual respiratory depression. 

It is important to allow the child to settle down in a dimly lit ante- 
room for five to ten minutes before the start of the anesthetic with a 
nurse whom he knows. 

When the child has settled, venepuncture is performed, blood is 
withdrawn for calibration of the spectrometer and a 5 per cent solution 
of hydroxydione injected. We have not made a practice of warming 
the solution before injection! or of adding 0.5 per cent procaine as 
has been suggested. Injection into the veins on the dorsum of the hand 
is quite satisfactory and usually easier in children than injecting into 
the large veins in the antecubital fossa, as has been recommended. 
Only one of the patients in the present series, a child of twelve years, 
complained of pain on injecting the hydroxydione and this was possibly 
due to a small perivenous injection as persistent local inflammation 
remained for three days at the injection site. Several children may have 
experienced some pain at the time of injection, indicated by with- 
drawing their arms, but in most the injection appeared painless. Pain 
on injection does not seem to be an adequate reason for not using the 
drug in children, as has been suggested’, provided care is taken to 
avoid extravenous injection. Post-operative thrombophlebitis was seen 
in two patients, only one required active treatment. The incidence of 
symptomless venous thrombosis in the series is unknown. 

The dose of hydroxydione was originally set at 7mg per pound body 
weight, but experience showed that this dose could be safely exceeded 
in the fitter children. It is our present practice to give between 7 to 
10mg per pound body weight depending upon the preoperative 
physical condition of the patient and upon the effect of the pre- 
medication. The onset of sleep is usually delayed from three to five 
minutes after the injection and maximum depth of anesthesia occurs 
in about ten minutes. Once the child is asleep ECG electrodes are 
attached to the patient and preparation is made for the cut down 
catheterization of the selected vein. Lignocaine 1 per cent is infiltrated 
intradermally and subcutaneously in the site of the incision. During 
this period it is not uncommon for reflex athetoid movements to 
occur. In twenty-five cases the period of deepening hypnosis was 
covered by the administration of nitrous oxide-oxygen using a face 
mask. Once the vein is exposed the gases are turned off and the patient 
allowed to breathe room air for a suitable period before the first 
sample of blood is taken. Failure to discontinue the gases until just 
before sampling may cause a low oxygen reading due to diffusion 
hypoxia! 3. Once the patient is breathing room air with no chin support 
it is essential to make sure that his airway remains free. This may 
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necessitate sucking out the child's nostrils to clear mucus. Smith!4 and 
Pallister'5 pointed out the presence of a sucking or spontaneous 
smacking of the lips, indicating a satisfactory plane of hypnosis. We 
have seen spontaneous sucking in several of these children even at the 
age of five years and have taken it to indicate that protective reflex 
activity and muscle tone remained intact and that the patient would 
be well able to maintain its own airway. It has not been found neces- 
sary to support the child’s chin or insert an oropharyngeal airway in 
more than a few cases. If this is necessary, or if an oral airway is 
tolerated, then anesthesia is too deep. 

Should the procedure become protracted then it may become neces- 
sary to give a supplementary dose of hydroxydione. Five patients in 
the present series received a supplementary dose of | to 3 mg per 
pound body weight, after between one hundred to one hundred and 
twenty minutes from the start of the procedure. 

At Westminster Hospital femoral artery puncture for calculation of 
cardiac output is carried out at the end of the catheterisation before 
the oxygen uptake is determined. In these circumstances the effect of 
the hydroxydione is wearing off and intradermal injection of local 
anesthetic solution over the femoral artery is usually required to 
provide analgesia and maintain immobility. 

When the catheter findings are complete, it may be necessary to 
carry out selective angiocardiography. Suxamethonium is adminis- 
tered to paralyse the patient for this procedure and intubation of the 
trachea may be carried out at the discretion of the anesthetist. 
Supplementary anesthesia is seldom required unless the duration of 
the catheterisation exceeds the effect of the hydroxydione. 

At the end of the procedure there is a rapid return of spontaneous 
and evoked reflex activity ; there have been no cases with an untoward 
delay in return of consciousness. 


RESULTS 


Sixty children have received hydroxydione hypnosis for cardiac 
catheterisation. There have been no fatalities in this series in spite of 
the smallness of some of the children and their poor physical state. 
Two children were anesthetised satisfactorily with hydroxydione after 
cardiac arrest during previous cardiac catheterisations, in one case 
pethidine, promethazine and chiorpromazine had been used and in 
the other anesthesia was maintained by intermittent thiopentone 
injection. 

The ages of the patients have ranged from three weeks to over 
fifteen years of age. F1G. | shows the weight distribution of the cases 
in the present series, the majority of the patients were under 45 pounds 
and five children were under 10 pounds body weight. 
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FIG. 1 Histogram of the number of patients and their weight in pounds. 


We have assigned the patient to one of three categories: good risk, 
when the physical state of the patient was good irrespective of the 
suspected cardiac lesion; fair risk, when some complicating factor was 
present and poor risk, when the patient suffered from a grave physical 
handicap. Of the sixty patients, fourteen were classified as good risks, 


twenty-seven were considered fair and the remaining nineteen were 
poor anesthetic risks. 
The diagnoses from the catheter findings are presented in TABLE 1. 


Table 1 
Ventricular septal defect 
Ventricular septal defect plus another abnormality 
Pulmonary valve stenosis 
Atrial septal defect 
Atrial septal defect plus another abnormality 
Tetralogy of Fallot 
Transposition of great vessels 
Aortic valve stenosis 
Patent ductus arteriosus 
Others 


bh 


TOTAL 60 


Many of these diagnoses have subsequently been confirmed during 
surgery. 

The time taken to complete the catheterisation procedure varied 
from sixty minutes to one hundred and eighty minutes, but most cases 
were completed in under one hundred minutes. In five cases lasting 
over one hundred and twenty minutes the initial dose of hydroxydione 
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sufficed for the whole procedure as the dark surroundings and the 
absence of painful stimuli promoted sleep. 

Recordings of blood pressure and pulse during the procedure have 
confirmed that hydroxydione has a mild depressant effect upon the 
blood pressure with a tendency to produce some tachycardia. A fall of 
over 30mm/Hg in the systolic pressure was only once recorded in the 
series and this may have been associated with the manipulation of the 
catheter as small variations in the systolic pressure during the 
procedure were not uncommon. A typical record made during a case is 
presented in FIG. 2. 


X BLOOD PREBSURE mmbig 


PULSE RATE 
© RESPIRATORY RATE 
HY! HYDROXYDIONE 
PREMED. SUXAMETH 30m0 
140- FOR 7MINUTES 


120 © O 10 20 30 40 50 59 70 80 90 100 
MINUTES 

FIG. 2 Variation in blood pressure, pulse and respiratory rates. 


Child 45 pounds, seven years, premedication 25mg pethidine, 25mg pro- 
methazine and 0.6mg atropine given seventy minutes before hydroxydione 
350mg, plus 100mg later. Diagnosis of aortic valvular stenosis. The brachial 
artery oxygen saturation was 96 per cent fifty minutes after the first injection of 
hydroxydione. 


The respiratory minute volume was frequently recorded during these 
procedures using a Wright respirometer attached to a face mask. 
Difficulty was experienced in obtaining reliable minute volumes 
before administration of hydroxydione as the children invariably over 
ventilated when presented with a face mask. The respiratory changes 
follow a fairly constant pattern. After the injection of hydroxydione 
the minute volume falls in spite of some tachypneea, this depression 
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is maximal during the first ten to fifteen minutes. Thereafter the 
minute volume increases to figures that indicate adequate ventilation 
for the patient’s weight. The volume also increases in response to 
sensory stimulation. The initial depression of respiration occurs 
during the placing of the ECG electrodes and the exposure of the 
selected vein. If it appears excessive an oxygen rich mixture is 
administered during this period. F1G. 3 illustrates the typical changes 


PREMED. HYDROXYBIONE 
20 10 0 WW 20 30 40 SO 60 70 80 90 0 10 
MINUTES 
FIG. 3 Variations in minute volume measured with the Wright respirometer 


CASE WEIGHT PETHIDINE PROMETHAZINE PAPAVERETUM HYOSCINE ATROPINE HYDROXYDIONE DIAGNOSIS 
POUNDS MG MG MG MG MG MG 

! 42 50 ‘ 0.6 450 VSD pul- 
monary 
hyper- 
tension 

2 33 3$ i § ASD, VSD, 
PVS 


3 82 PVS 


in minute volume that occurred in three patients after the injection of 
hydroxydione. 

It has been our impression that oxygen saturation figures have been 
higher in patients anesthetised by this technique for cardiac catheter- 
isation than by other methods. In four cases the patient had been 
previously catheterised using other techniques, two by large doses of 
promethazine, pethidine and chlorpromazine and two by intermittent 
thiopentone. In these patients the arterial saturation figures were as 
much as 8 per cent higher when hydroxydione was used. In fifty 
patients where the arterial oxygen saturation was measured, it was 
over 95 per cent in twenty-nine, and in the remainder right to left 
shunt of desaturated blood was suspected. In only two patients has 
the anesthetic been shown to have appreciably depressed the arterial 
oxygen saturation. In one of these airway obstruction was allowed to 
occur and in the other an excessive dose of hydroxydione (outside the 
recommended range) was given. 

Oxygen saturation figures obtained during the catheterisation have 
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proved to be accurately repeatable. In one patient the catheter was 
changed after thirty minutes for one of a larger size and the blood 
sampling repeated. In all but one sample the oxygen saturations were 
the same as had been found earlier. The blood from the aorta which 
was entered via a patent ductus arteriosus had an oxygen saturation of 
96 per cent. We have commonly observed that the right ventricular 
samples have agreed within 2 per cent oxygen saturation in specimens 
taken at the beginning of the procedure, and again immediately 
before preparation for angiocardiography. 


COMPLICATIONS 


In one patient, aged eight years, with a diagnosis of transposition of the 
great vessels, satisfactory conditions were obtained for the cardiac 
catheterisation with hydroxydione, although ventricular irritability was 
noticed during the passage of the catheter into the right ventricle. This 
patient developed complete atrio-ventricular dissociation after angio- 
cardiography and sinus rhythm did not return for thirty minutes. 

A cyanotic child, aged four-and-a-half years with a diagnosis of atrial 
septal defect and pulmonary stenosis had an episode of bradycardia follow- 
ing the completion of the catheterisation, during final placing of the 
catheter in the right ventricle prior to angiocardiography. The pulse rate 
fell from a previous value of over 110 per minute to 85 per minute. Atropine 
0.6mg was administered without effect on the pulse rate. The angio- 
cardiogram was abandoned and the bradycardia lessened slowly over the 
following hour-and-a-half. 

Ventricular tachycardia lasting for two hours occurred in a patient aged 
thirteen years with cyanotic heart disease associated with considerable 
incapacity. The arrhythmia reverted to normal after a second adminis- 
tration of procaine amide. It is of interest that a previous incomplete 
cardiac catheterisation upon this child utilising another anesthetic 
technique had to be abandoned for a similar reason. 

Unintentional hypothermia complicated the procedure in one child of 
three months weighing ten pounds. This child was diagnosed as a trans- 
position of the great vessels and during a prolonged and difficult catheter- 
isation which lasted for about three hours his temperature fell. His breath- 
ing became shallow to a point that necessitated assisted ventilation from 
time to time. One hour after return to the ward his rectal temperature was 
found to be 94°F in spite of warmer surroundings. Hypothermia in these 
small children will give rise to unreliable oxygen saturations. 


SUMMARY 


Our experiences with hydroxydione hypnosis during sixty cardiac 
catheterisations are presented. It has been found that hydroxydione 
produces suitable conditions for cardiac catheterisation in children of 
all ages and in all physical states. It has been our experience that little 
disturbance of cardio-pulmonary physiology is produced by hydroxy- 
dione and that consistently repeatable results may be obtained by 
this method. 
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Intramuscular suxamethonium 


in the conscious volunteer 
J. T. DAVIDSON, FFARCS 
Z. EYAL, MD, MSc 


Department of Anesthetics 
Hadassah University Hospital, Jerusalem, Israel 


The use of intramuscular suxamethonium chloride was described by 
MacDonald and Bryce-Smith! and it was suggested that this route of 
administration isa satisfactory means of producing muscular relaxation 
both for laryngeal intubation and surgery. 

Since then intramuscular suxamethonium has been widely used as a 
valuable adjunct in general anesthesia in patients of all ages?. 

As a general rule the patient is premedicated and then anesthetised 
either by an intravenous barbiturate or by an inhalation anesthetic 
agent and only after consciousness is lost is the intramuscular relaxant 
administered. Nevertheless for very poor risk patients and in the pres- 
ence of generalised convulsions it has been found valuable to give the 
intramuscular suxamethonium and to intubate before anesthetising 
the patient. In completely unco-operative struggling children intra- 
muscular suxamethonium brings the patient under control and an 
anesthetic mask can be applied in about one minute without the need 
for active restraint. 

It has not been possible to find in the literature any subjective 
account of the effect of intramuscular suxamethonium and intubation 
in the conscious patient. It is generally held that suxamethonium does 
not penetrate the blood brain barrier and can, therefore, have no effect 
on the central nervous system}, but there are clinical reports which 
may suggest the opposite! +. Therefore, it was felt that the experiences 
of a trained medical observer under the influence of intramuscular 
suxamethonium, but unanesthetised, would be of value and one of us 
(Z.E.) acted as a subject of the experiment to be described. 
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The subject is a thirty-three year old male in good physical condition 
and weighing 63kg. Blood pressure measured immediately before the 
experiment was found to be 120/80, the pulse rate was 82. He received 
a subcutaneous injection of 0.5mg atropixe one hour before the com- 
mencement of the experiment. The EEG was recorded before and 
during the experiment. 

The dose of suxamethonium used was 200mg. In order to increase 
the rate of absorption one half of the total was injected into the gluteal 
muscles on each side. 


OBSERVATIONS 


Within two minutes respiratory excursions were markedly reduced and 
after a further minute apnoea had supervened. Respiration was first 
aided and then controlled with a semi-open circuit using 100 per cent 
oxygen at a flow rate of 14/1 per minute and ventilating at a rate of 
16 per minute. There was no significant change in the blood pressure, 
but a moderate tachycardia varying between 90 and 110 was noted and 
presumed to be due to emotional factors. After the first eight minutes 
the pulse rate returned to normal. Endotracheal intubation was carried 
out with a Macintosh laryngoscope and intermittent positive pressure 
respiration was continued until spontaneous respiration returned. 

The EEG was normal throughout the entire experiment except for 
mild hypoxic changes noted during intubation. At the height of mus- 
cular paralysis (in order to assess cerebral function) a short story was 
read aloud in which several difficult and unfamiliar place names were 
mentioned. The subject was instructed to memorise all the details. He 
was also asked several questions and instructed to indicate a positive 
reply by any movement possible. He was examined for sensitivity to 
pin prick and indicated a positive response by slight movement of the 
right index finger and the right great toe. Similarly he indicated that he 
was quite comfortable even with the endotracheal tube in situ. 

Nine-and-a-half minutes after the injection of suxamethonium there 
was a return of respiratory function and a further three minutes 
elapsed before tidal excursions appeared normal. 


SUBJECT’S REPORT 


I was placed in a prone position and an EEG was connected. A paste 
was used to ensure good conductivity via the electrodes. The paste had 
a pungent odour, of which I became increasingly aware throughout the 
experiment. A short time after the injections in both buttocks I was 
conscious of an ever increasing heaviness of the body. This was initially 
most marked in the limbs, but soon difficulty in moving the chest 
became the dominant experience. At the same time speech became 


ANASTHESIA 229 


increasingly difficult and the use of polysyllabic words impossible. The 
ability to carry out ocular movements was lost. I was greatly relieved 
when a mask was applied to my face and inspiration aided by positive 
pressure. Intubation was performed and during the short period of 
instrumentation all respiratory movements were impossible. The com- 
plete absence of ventilation both natural and artificial was a most 
uncomfortable experience. However, the act of intubation caused no 
discomfort although the presence of the tube in the trachea caused a 
slight retrosternal sensation of burning. With the commencement of 
intermittent positive pressure respiration, I felt quite relaxed and at 
ease although any irregularity in the depth or rate of ventilation was 
definitely unpleasant, in spite of the fact that there was no sensation of 
air lack. | was acutely aware of my surroundings, sense of hearing and 
smell as well as thought processes seemed to be enhanced. When I was 
told to memorise a short story, I could do so without effort and felt 
frustrated that I could not immediately respond. My sense of isolation 
was somewhat relieved by my ability to communicate by slight move- 
ment of the right index finger and right great toe. Sensitivity to 
pin-prick and sense of position were normal. 

I soon became conscious of the fact that muscular power was return- 
ing, but I nevertheless felt that my movements were clumsy and not 
fully under control. Extubation was not uncomfortable and after a 
further interval of aided respiration I found that my ability to breathe 
and to move were back to normal. However, it took another fifteen 
minutes before co-ordination of my eye muscles was fully restored. 
The only aftermath was pain at the sites of the injections which lasted 
a full forty-eight hours and slight tracheal irritation which lasted half 
that period. 


DISCUSSION 


MacDonald and Bryce-Smith! found a constant prolongation of post- 
anesthetic sleep after intramuscular suxamethonium. They suggested 
the possibility that the breakdown product succinylmonocholine 
chloride may have a central narcotic effect which is normally unrecog- 
nised because of the usual evanescent activity of the drug¢. In this 
experiment on the other hand there was no drowsiness and in fact the 
subject seemed to be more lucid than usual. With the dose used there 
was no evidence of impaired cerebral cortical function. Another in- 
teresting finding was the absence of discomfort and of any desire to 
cough during intubation, this in spite of the fact that no analgesic was 
applied to the respiratory tract nor to the endotracheal tube. 

Memory of events during the period of muscular paralysis was 
demonstrated to be unimpaired by the subject’s ability to repeat what 
he had heard and observed during that period. He was also able to 
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report that appreciation of pin-prick and sense of position were normal. 
Therefore, under the conditions of this experiment there was no recog- 
nisable penetration of the suxamethonium through the blood brain 
barrier. Nevertheless, it must be recognised that the permeability of 
this barrier may be altered by factors such as general anesthesia, 
electrolyte imbalance and clinical shock. 

Smith ef a/.5 in their investigation into a possible cerebral effect of 
d-tubocurarine described subjective effects very similar to ours. They 
too noted that the procedure of endotracheal intubation caused much 
less discomfort than was expected and they suggest that the pain 
usually attending such a procedure when the pharynx and larynx are 
not sufficiently anzsthetised locally is largely secondary to reflex 
spasm. 


SUMMARY 


The subjective effects of a large dose of intramuscular suxamethonium 
are described. Lack of a depressant effect on the CNS is noted. 
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The classification of respirators 
A. R. HUNTER, MD, FRFPSG, FFARCS 


Royal Infirmary, Manchester 


It is possible to classify the machines used for intermittent positive 
pressure respiration by any of their mechanical characteristics. Thus 
the wave form, the means employed to trip the machines from one 
phase to another, .e., the cycling mechanism or even the basic drive 
may be the criterion. Such mechanical details, however, give little 
information about the performance of the machine in actual use, 
where the minute to minute care of patients will often be left to nurses 
who cannot be expected to understand the significance of minor 
alterations in ventilation. Under such circumstances the ability of the 
apparatus to cope automatically with changes in the resistance of the 
system into which it is working is by far its most important 
characteristic. 

The complications most likely to arise during artificial ventilation 
of the lungs are two in number. Sudden changes may appear in the 
compliance of the system into which the apparatus is working. These 
may develop quite rapidly particularly during the first few hours of 
artificial ventilation as a result of changes in the elasticity of the lungs'. 
Narrowing of the airway as a result of the accumulation of sputum, 
from mechanical kinking of the tubing of the apparatus, or from 
malposition of the tracheostomy tube or its cuff will have the same 
effect. The second complication which can arise is the development of 
a leak at some point between the patient’s lungs and the delivery 
mechanism on the machine; the most likely event is that the cuff on 
the tracheostomy tube will not be adequately reinflated after a routine 
deflation, or that some minor leak will appear in the tubing or 
connections. The remedy for increased resistance to inflation is 
obviously an automatic increase in the inflation pressure, while that 
for leaks is an increase in the volume output of the machine. 

All ventilators are constructed either to inflate to a preset pressure 
or to deliver a preset volume. The machine with a preset pressure will 
be able to increase the volume of its output — up to the capacity of its 
delivery machanism — to deal with leaks, but will not be able to muster 
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up more pressure to compensate for increased resistance to its action. 
The machine with a preset volume will be able to increase its delivery 
pressure in the presence of obstruction — up to the point at which the 
safety valve which is built in to protect the lung alveoli from excessive 
pressure, comes into action (FIG. 1). It will, however, be unable to 


5 SECONDS 


FIG. | The response of a volume preset respirator (Smith-Clarke) to reduction 
of the compliance of the system into which it is working. 
Compliance for tracing (a) 115ml/cm water 
(6) 65ml/cm water 
(c) 45ml/cm water 
(d) 23ml/cm water 


increase the volume of its output to make good loss through a leak. 
It is suggested that these properties of machines should be the basis of 
their clinical classification and that they be described in future either 
as pressure preset or volume preset. 

This classification is quite different from that in current use in that 
it takes no account of the nature of the mechanism which makes the 
machine cycle, although of course the pressure-cycled machine is also 
pressure preset. On the other hand, an apparatus like the Radcliffe 
respirator which is by current definition ‘time cycled’ is nevertheless a 
pressure preset apparatus. There is, however, an essential difference 
between it and the true pressure cycled apparatus. This latter seems at 
first sight as if it might be able to compensate for obstruction to its 
output, for it shortens its inspiratory stroke as the resistance to its 
action increases (FIG. 2). A slight increase in overall rate occurs, but 
as long as the original duration of expiration remains this cannot 
produce effective compensation. Indeed halving the duration of 
inspiration in a machine with an initial 1:2 inspiration :expiration 
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5 SECONDS 
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FIG. 2 The response of a pressure preset respirator (Blease P 6) to reduction 
of the compliance of the system into which it is working. 
Compliance for tracing (a) 6Sml/cm water 
41ml/cm water 
(c) [8ml/cm water 


ratio increases the overall rate by only 20 per cent. This small 
compensation, however, may be illusory, for when the inflation pres- 
sure remains constant the shorter inspiratory stroke is much less 
effective in inflating the lungs? 3. 

The adoption of this classification involves the disappearance of the 
totally unsatisfactory group of the volume cycled apparatus. The vast 
majority of those so described in the past were in fact volume preset 
and time cycled. There does not in fact seem to have been any machine 
in which cycling rate was determined by the time taken to deliver a 
fixed volume, i.e., where duration of inspiration varied directly with 
resistance to output, the converse of the position with the pressure 
cycled machine were the length of inspiration is inversely related to the 
resistance. Even the Blease P 6 used as a ‘volume cycled’ machine 
proved on investigation to be a time cycled volume preset apparatus 
(FIG. 3). 

Lastly, this new classification makes it possible to divide up time 
cycled machines into clinically useful groups. The description ‘time 
cycled’ implies, or ought to imply, that the rate of the machine, and 
the duration of inspiration and expiration, are determined solely by 
mechanical factors in the apparatus itself, for example, motor speed, 
gear ratio and cam design. The nature and properties of the system 
into which the apparatus is working have no influence on these 
quantities. Such a definition, however, will include such diverse 
machines as the Radcliffe respirator which is pressure preset, the 
Coventry respirator (Smith Clarke) which is entirely volume preset 
and the Beaver which is a combination of both or either. 
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5 SECONDS 


FIG. 3 The response of a Blease P 6 Apparatus used as a so-called volume- 
cycled respirator to reduction of the compliance of the system into which it is 
working, showing progressive increase in inflation pressure, but unchanged 
duration of inspiratory stroke. 
Compliance for tracing (a) 88ml/cm water 
(b) 54ml/cm water 


(c) 37ml/cm water 
(d) 29ml/cm water 


SUMMARY 


The current classification of ventilators as pressure cycled volume 
cycled and time cycled is unsatisfactory. From the clinical point of 
view it would be better to classify such machines as volume preset and 
pressure preset as the mechanism of cycling is of secondary import- 
ance compared with the ability of the machine to compensate auto- 
matically for loss of compliance and for the development of leaks. 
The implications of the adoption of this classification are considered. 
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Anatomy for anzsthetists 


(1) The antecubital fossa 


HAROLD ELLIS, Mch, FRCS 


Senior Lecturer in Surgery, Westminster Hospital 


Illustrated by 


MARGARET C. McLARTY 


The Radcliffe Infirmary, Oxford 


The anesthetist requires a peculiarly specialised knowledge of anatomy. Some 
regions of the body — the superficial veins, nerve pathways and respiratory 
passages for example — he must know with intimate detail that rivals the surgeon’s ; 
other areas he may all but ignore. 

This series of articles has been written with these particular needs in mind, It 
should prove of value not only to examination candidates, but also to the practical 
anesthetist in his day to day requirements. 

The illustrations have been specially prepared for the series and attempt to 
highlight those features which are of importance in anzsthetic practice. The 
references quoted are key ones, usually accompanied by full bibliographies. 


To the anatomist, the antecubital fossa is the space through which the 
vascular and nervous trunks course into the forearm; to the surgeon it 
is the region in which the brachial artery is put into jeopardy by 
injuries around the elbow; to the anesthetist it is the place where he is 
tempted to seek a superficial vein, knowing only too well the dangers 
of inadvertent intra-arterial or intra-neural injection. 
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FIG. 1 Superficial dissection of the antecubital fossa 


ANATOMICAL DETAILS 


(a) Boundaries 
The antecubital fossa is a triangle delimited by pronator teres infero- 
medially, brachio-radialis infero-laterally and a line joining the medial 
and lateral epicondyles of the humerus above. 


(b) Roof (F1G. 1) 
The fossa is roofed by deep fascia reinforced by the bicipital apo- 
neurosis. On this deep fascia lies the median cubital vein crossed 
superficially (or sometimes deeply) by the medial cutaneous nerve of 
the forearm, which is here occasionally damaged at venepuncture. 
Laterally lie the cephalic vein and the lateral cutaneous nerve of the 
forearm, while medially courses the basilic vein. 


(c) Contents (FIGS. 2 and 3) 


If the muscular walls of the fossa are retracted, the following structures 

can be identified in turn from the medial to lateral side: 

1 The median nerve 

2 The brachial artery, which bifurcates at the level of the neck of the 
radius into its terminal radial and ulnar branches 

3 The biceps tendon 

4 The radial nerve, giving off its posterior interosseous branch 
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FIG. 2 Deep dissection of the antecubital fossa 
(The dotted line indicates the approximate plane of section of F1G. 3) 
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FIG. 3 Transverse section through the upper forearm 


Biceps tendon. 
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STRUCTURES OF IMPORTANCE TO ANASTHETISTS 


(a) Superficial veins 
The cephalic vein drains tributaries from the radial border of the fore- 
arm, ascends over the lateral side of the antecubital fossa and then lies 
in a groove along the lateral border of the biceps. The vein dives 
beneath the deep fascia at the lower border of pectoralis major, lies in 
a groove between this muscle and deltoid, then finally pierces the clavi- 
pectoral fascia to enter the axillary vein. This groove between pectoralis 
major and deltoid is a conveniently identified site for a cut-down 
when a superior vena caval infusion is required. 

The basilic vein drains the ulnar side of the forearm, then ascends 
along the medial border of the biceps to pierce the deep fascia at the 
middle of the upper arm. From here, the vein runs upwards to the 
lower border of the axilla, where it is joined by the vene comitantes of 
the brachial artery to form the axillary vein. 

The median cubital vein (alternatively termed the median basilic or 
median cephalic vein) usually arises from the cephalic vein about one 
inch distal to the lateral epicondyle, then runs upwards and medially 
to join the basilic vein one inch above the transverse crease of the 
elbow, giving the rather drunken H-shaped arrangement shown in 
FIG. 4. 

The median cubital vein receives a number of tributaries from the 


front of the forearm, as well as giving off a deep median vein which 
pierces the fascial roof of the antecubital fossa to join in the vene 
comitantes of the brachial artery. 

A frequent variation in this venous arrangement is for a median 
forearm vein to bifurcate just distal to the antecubital fossa; one limb 
then passes to the cephalic, the other to the basilic vein, to give an 
M-shaped pattern (FIG. 5). 


FIGS. 4 and 5 Variations in 
the formation of the median 
cubital vein 
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(b) The bicipital aponeurosis (F1GS. 1 and 2) 


Arising from the medial border of the lower end of the biceps muscle 
and its tendon is the flat bicipital aponeurosis. This passes downwards 
and medially to blend with the deep fascia covering the origin of the 
forearm flexor muscles. The upper edge of this aponeurosis is some- 
what thickened and can be felt quite easily when the forearm is flexed 
and supinated. The aponeurosis lies as a shield between the brachial 
artery and the median cubital vein. This fortuitously placed fascial 
barrier was much appreciated by the barber-surgeons of old who used 
the antecubital veins for blood-letting; they named it the ‘grfce a 
Diew’ fascia. 


(c) The brachial artery (F1G. 2) 


The variations in the anatomy of the brachial artery are of great 
importance to the anesthetist. McCormack, Cauldwell and Anson}, 
in 750 dissections, found: 


(1) The artery may bifurcate high in the arm, even at axillary level, 
into a main trunk (which continues into the forearm as the common 
interosseous artery), and a common stem, termed the superficial 
brachial artery, which divides at a variable level into its radial and 
ulnar branches (1 per cent of cases). 

(2) A superficial radial artery may be given off in the upper arm; 


an anomaly of little practical importance because this vessel con- 
tinues its course in a manner identical with a normal radial artery 
(14 per cent of cases). 

(3) A superficial ulnar artery is given off in the upper arm in 2 per 
cent of cases and descends nearly always superficially to the common 
origin of the forearm flexors. It then sweeps downwards to the 
lateral border of flexor carpi ulnaris to take up, in the distal 
forearm, the relationships of a normal ulnar artery. 


This superficial ulnar artery may lie beneath the deep fascia through- 
out its course or may lie subcutaneously either at the elbow or in the 
upper forearm7?. 

It is the anomalous ulnar artery in this superficial and subcutaneous 
position, immediately beneath the median cubital vein and without 
the protection of the bicipital aponeurosis, which is at greatest risk of 
accidental puncture when the antecubital vein is selected for an 
intravenous injection. 

Fortunately the superficial ulnar artery (unlike the normal ulnar 
artery), usually does not give rise to the common interosseous artery; 
in such cases the latter is derived from the radial artery. An inadvert- 
ent intra-arterial injection into the superficial ulnar artery will, there- 
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fore, usually spare this common interosseous branch and, therefore, 
tend to preserve undamaged the main source of arterial blood supply 
to the forearm muscles. 
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General anesthesia in 350 cataract extractions 


ERIC GOLDSMITH, FFARCS, DA 


Seamen’s Hospital Group 
Woolwich Hospital Group, London 


General anesthesia for intra-ocular surgery still presents a topic of 
controversy. Most ophthalmic surgeons agree to the use of general 
anesthesia for extra-ocular surgery or for intra-ocular operations on 
children. The use of general anesthesia for cataract extractions on 
adults is increasing. 

Cridland! advocated total general anesthesia and endotracheal in- 
tubation, pointing out, that the full co-operation needed from a patient 
under local analgesia cannot be achieved in a state of sedation, however 
complete the pre-operative instructions. To this may be added the 
frequency of senility or deafness as barriers to complete co-operation 
in the patients commonly subjected to cataract extractions. 

These considerations equally apply to the use, suggested by Kirby 
and Ives3, of a state of semi-consciousness induced by the lytic cocktail 
combined with akinesia through relaxants and retrobulbar injections 
of a local analgesic. 

This paper will consider the low incidence of post-operative vomit- 
ing, cough and restlessness in a series of 350 cases of cataract 
extractions and will also deal with the occurrence of intra-ocular 
complications. 


Table | 


No. of cases 350 

Loss of vitreous 3 1.4 per cent 
Post-operative cough 18 5.0 per cent 
Post-operative vomiting 13 3.5 per cent 
Prolapse of iris 7 2.0 percent 


Paper read at Second World Congress of Anesthesiologists at Toronto, Sept. 1960 
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TECHNIQUE 


Chlorpromazine 25mg by mouth is given on the previous night and 
repeated two hours before operation. Forty-five minutes pre-opera- 
tively pethidine 50-100mg according to age and atropine 0.6mg is 
injected intramuscularly. 

Anesthesia is induced with 2.5-5 per cent thiopentone followed by 
tubocurarine chloride (tubarine) 15mg, at which stage the patient’s 
lungs are inflated with pure oxygen for thirty seconds. The vocal cords 
are sprayed meticulously with 4 per cent lignocaine guiding the flexible 
catheter of a Macintosh laryngeal spray well between the cords. An 
endotracheal tube chosen for size, non-cuffed to avoid undue pressure 
on the trachea and well lubricated with an analgesic cream is carefully 
passed and connected to the anesthetic apparatus. 

Four per cent lignocaine may also be sprayed into the endotracheal 
tube to reduce reflex action to a minimum. Anesthesia is supplemented 
with nitrous oxide and oxygen with assisted or controlled respiration. 
A Gordh needle is inserted into a hand vein. 

The patient is placed on the table, the anesthetist personally lifting 
the head to be draped. Additional small doses of tubocurarine are used 
to ensure complete relaxation, particularly at the time of the expression 
of the lens, thus controlling intra-ocular pressure and preventing any 
sudden rise which might lead to vitreous loss. If painful stimuli give 
rise to any movements of the fingers or an increased pulse rate, it is 
preferable to give additional doses of pethidine rather than of 
tubocurarine chloride. 

At the end of the operation all manceuvres concerning the patient’s 
head are personally supervised. Pads are allowed to be applied, but the 
head is not lifted until the endotracheal tube is removed. This is done 
when intercostal respiration is fully restored. There is no fixed rule for 
the important manipulation of extubation, every patient reacting in a 
different way. 

Absence of hurry and careful observation of pharyngeal reflexes will 
help to prevent any reflex spasm while the tube is being removed. If 
spontaneous respiration is delayed it is preferable to wait rather than 
accelerate recovery with atropine and neostigmine. The latter drug may 
induce increased salivation with the consequent possibility of post- 
operative cough or vomiting. 

Tracheo-bronchial or pharyngeal suction is employed in most cases. 
Once the tube is removed and pharyngeal reflexes fully restored a 
pharyngeal airway is unnecessary. If the tongue obstructs the airway 
digital manipulation only is employed. 

Post-operative medication consists of pethidine in varying doses 
and chlorpromazine by mouth to prevent restlessness and vomiting. 
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Experience has shown that the technique described is not more 
time-consuming than adequate local analgesia. 

In a limited group of patients general anesthesia may be absolutely 
contra-indicated, i.e.: unstabilised diabetes; untreated acute exacer- 
bation of chronic bronchitis and emphysema; untreated cardiac 
failure. 

The choice of method will, therefore, depend to a considerable 
extent on the relative operative and post-operative complications. 


COMPLICATIONS 


Loss of vitreous 


Causes — (a) Insufficient relaxation of the extra-ocular muscles. (5) 
Insufficient reduction of the intra-ocular pressure. (c) Straining against 
the endotracheal tube. (d) Laryngeal stridor in a non-intubated 
patient. 


Preventive measures 


(a) Adequate dose of tubocurarine chloride. (b) Pre-operative adminis- 
tration of chlorpromazine, which, according to Greaves5, seems to 
reduce the intra-ocular pressure. (c) Constant control of a perfect 
airway by means of an endotracheal tube. A flexible guard has been 
suggested to prevent kinking of the tube (see addendum). 

Alpha-chymotrypsin was used in the second half of this series as 
described by Lurie®. This enzyme dissolves the suspensory ligament of 
the lens thus permitting intracapsular extractions with a consequent 
increase in the risk of vitreous loss, maximal if intra-ocular pressure is 
high and the ocular muscles are not sufficiently relaxed during the 
expression of the lens and prior to the tying of the corneo-scleral suture. 
This risk can to a large extent be forestalled by the use of relaxants at 
this stage. It is especially this hazard of vitreous loss which warrants 
the use of an endotracheal tube. Harper‘ has said that it is impossible 
to produce a relaxed eye with curare alone without causing apnoea at 
the same time and that the administration of thiopentone is, therefore, 
essential. With an endotracheal tube, apnoea can readily be overcome 
by controlled respiration with the expiratory valve slightly open to 
avoid the least resistance. An endotracheal tube will also prevent any 
form of laryngo-spasm from reflex stimuli. Contrary to the view of 
Harper‘, no rise in intra-ocular pressure attributable to intubation 
was observed. 
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Table 2 


Loss of vitreous 
Before «-chymotrypsin 
After «-chymotrypsin 


TABLE 2 shows the occurrence of vitreous loss in the whole series to 
be approximately 1.4 per cent. Despite the great increase in the pro- 
portion of intracapsular operations performed after the introduction 
of alpha-chymotrypsin the incidence has been constant, although 
intracapsular extractions carry a greater inherent hazard of vitreous 
loss rather than extracapsular procedures. 

Ofthe five cases who suffered this complication, three were extremely 
obese and assisted respiration was difficult. Possibly local analgesia 
might have obviated the risk. In one case traumatic dislocation of the 
lens had occurred previously and in the fifth case there was no evident 
cause for the vitreous loss. 


Post-operative cough 


Causes — (a) Chronic cardio-pulmonary insufficiency. The majority of 
patients in this series were over the age of seventy. This implies in the 
United Kingdom a high incidence of intractable respiratory tract infec- 
tion and some measure of degenerative heart disease. (b) Acute 
exacerbation of pulmonary infection. (c) Removal of the endotracheal 
tube. 


Preventive measures 


(a) Pre-operative breathing exercises. Discontinuation of smoking. 
Chemotherapy and cardiac therapy. (b) Post-anesthetic pharyngeal 
and tracheo-bronchial suction in order to clear the respiratory tract. 
(c) Removal of the endotracheal tube should not be accompanied by 
cough, if the technique as described is carefully carried out. 

Post-operative linctus is of sedative value for unproductive bronchial 
irritation. 


Table 3 


Post-operative cough 18 

1 male 81 pneumonia 

1 female 80 prolapse of iris 
16 cases. Slight cough 


TABLE 3. Five per cent of this series developed post-operative 
cough. Of these eighteen cases, in sixteen the symptom was mild and 
unaccompanied by ocular complications. 

One patient developed pneumonia and one patient suffered prolapse 
of iris. 
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Post-operative vomiting 


Causes — (a) Pre-operative medication and anesthetic agents. (b) Post- 
operative irritative effect of the endotracheal tube. (c) Psychological. 

Post-operative vomiting and distress after local analgesia is by no 
means uncommon. When it happens through psychological causes, it 
is probably due to inherent anxiety and past experience of post- 
operative vomiting. 


Preventive measures 


(a) Avoidance of nausea-provoking agents such as morphine, ether 
and trichloroethylene.(b) Chlorpromazine by mouthon the night before 
and repeated two hours before the operation reduces considerably the 
incidence of post-operative vomiting. (c) Explanation and reassurance 
of the patient and even, on occasion, hypnosis has been of value. 


Table 4 


Post-operative vomiting 1 
Controlled diabetes 
Dental sepsis 


Anxiety 
Vomited ten days after 
No obvious cause 


TABLE 4, shows the incidence of post-operative vomiting to be 
3.5 per cent. Diabetes was probably a relevant factor in one of these 
cases and the dental sepsis in a second case should have been dealt with 
pre-operatively. All the four patients, in whom anxiety was regarded 
to be the cause, stated that they had always vomited previously fter 
anesthetics. Reassurance and pre-operative chlorpromazine were 
inadequate and heavy post-operative sedation might have been useful. 

The only secondary ocular complication as a result of vomiting 
occurred in a patient, who suffered prolapse of iris on the tenth day 
after operation. 


Prolapse of iris 
TABLE 5. This is predominantly an ophthalmological problem mini- 
mised where cough and vomiting are controlled and ‘squeezing’ is 
inhibited by post-operative sedation. 
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Prolapse of iris 7 Se 
Post-operative cough 
Delayed vomiting 
“Squeezing” 5 
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CONCLUSIONS 


General anesthesia administered by an anesthetist who fully appreci- 
ates the possible hazards of cataract surgery is the method of choice. 

From the technical point of view the only method which ensures 
perfect oxygenation, especially important in the aged, is the passage of 
an endotracheal tube. 

A close understanding between surgeon and anesthetist is of crucial 
importance, if the most serious risk of intra-ocular surgery, which is 
vitreous loss, is to be avoided. From the surgeon’s point of view the 
freedom from the stresses imposed by a conscious, worried and an 
unco-operative patient is of value. 

However, general anesthesia given sporadically by different anes- 
thetists is unlikely to be satisfactory and it may well be wiser under 
such circumstances for a surgeon used to local analgesia to continue 
with this technique. 

With a firmly established team of surgeon and anesthetist, however, 
general anesthesia is found to be much more satisfactory and, as such, 
should in time find universal approval. 

My surgical colleague has commented on the draft of this paper: 
‘Happy are those surgeons who have switched from local analgesia to 
general anesthesia for their cataract surgery’. 
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ADDENDUM 


Since the delivery of this paper the introduction of the Oxford design 
non-kinking endotracheal tube (Leyland) has been found to be a 
valuable addition to this technique. 
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NEW INVENTIONS 


Unless expressly stated by the authors no claim to originality or priority is made 
and items given under this head include modifications to existing apparatus. 
The Editor regrets that space considerations make it impossible 
to publish correspondence on this subject 


Intravenous drip using polythene tubing 


E. JOHNSON and M. HELLER 


The troubles of keeping the needle of a standard intravenous trans- 
fusion set in a vein are well known to all anesthetists. The alternative 
method of cutting down to insert a cannula is time consuming, leaves 
a scar and destroys the vein. 

The method we have devised to obviate these difficulties is the 
introduction of a length of No 2 polythene tubing into a vein via a 
specially constructed needle through which the tubing easily passes. 
The apparatus used by us consists of a specially made 13G 19/16 in 
needle, with a lead in on the inside of the mount to enable the poly- 
thene tubing to be easily inserted and a polythene tube to drip adaptor. 
The adaptor has a silicone rubber bush inside to provide a leak-proof 
joint when screwed up to the polythene and allows hot sterilisation; 
the adaptor being in two screw-together parts. The polythene is put 
through the half of the adaptor having the bush inside it, the second 


part of the adaptor is then screwed on to the joint part and causes the 
bush to press against the polythene and so joining the leak-proof 
union. This second portion of the adaptor is made to take the Luer 
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fitting of the standard giving set or the tubing of the giving set, the 
outside of the adaptor being ridged to grasp rubber tubing. 
The needle may be obtained straight or with a slight curve and has 


been made for us by Messrs Thackray of Leeds. 
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Discussion on accidents in the operating theatre. SIMPSON, K. and others, (1960) 
Proc. Roy. Soc. Med., 53, 843 (October). 

Fatal respiratory obstruction due to faulty endotracheal tube. PRYER, D. L., 
PRYER, R. R. L, and WILLIAMS, A. F. (1960) Lancet, 2, 742 (October 1). 
3 refs. 

Post-operative nausea and vomiting. V. Anti-emetic efficiency of trimetho- 
benzamide and perphenazine (fentazin). BELLVILLE, J. W., BROSS, I. D. J. 
and HOWLAND, w. S. (1960) Clin. Pharmacol. and Therap., 1, 590 (Septem- 
ber-October). 9 refs. (Perphenazine was more effective, but made more 
patients drowsy afterwards.) 

The pathogenesis of thrombosis. POLLER, L. (1960) Postgrad. med. J., 36, 564 
(September). 30 refs. 

Blood transfusion reactions. OFFENKRANTZ, F. M., BLANSTEIN, A. and 
BABCOCK, G. (1960) Anaesth. and Analg., Curr. Res., 39, 390 (September- 
October). 32 refs. (Prednisolone is of value in prevention and treatment.) 


GENERAL ANASTHETIC PROCEDURES 


Clinical experience with chloroform anesthesia. POL, M. F. and MAYFIELD, J. R. 
(1960) Anesthesiology, 21, 508 (September). 15 refs. 

A clinical evaluation of methoxyflurane in man. ARTUSIO, J. F. et al. (1960) 
Anesthesiology, 21,512 (September). 10 refs. 

Intravenous lidocaine (lignocaine) as an adjunct to general anesthesia. PHILLIPS, 
O. C., LYONS, W. B., HARRIS, L. C., NELSON, A. T., GRAFF, T. D. and 
FRAZIER, T. M. (1960) Ana@sth. and Analg., Curr. Res., 39, 317 (July- 
August). 12 refs. 

A study of chloroform anesthesia in a precision system. II. The effect on 
circulatory dynamics and anesthetic morbidity. DOBKIN, A. B., SKINNER, 
L. C. and JOHNSTON, H. J. (1960) Canad. Anesth. Soc. J., 7, 379 (October). 
47 refs. 


HYPOTHERMIA 


Glucose metabolism during induced hypothermia in rabbits. BICKFORD, A. F. 
and MOTTRAM, R. F. (1960) Clin. Sci., 19, 345 (No 2). 9 refs. 

Clinical experience with the Melrose oxygenator at normal and reduced tem- 
peratures. NIXON, P. G. F., GRIMSHAW, V. A., CATCHPOLE, L. A., SNOW, 
H. M. and LAWRENCE, K. (1960) Thorax, 15, 193 (September). 9 refs. 

Predicting downward temperature drift during hypothermic anesthesia. 
HAMILTON, C. A. (1960) Anesth. and Analg., Curr. Res., 39, 355 (July— 
August). 11 refs. (A graph based on data obtained early in cooling will give 
the drift.) 


LOCAL ANALGESIC PROCEDURES 


Control of immediate post-operative pelvic pain by local anesthetic infusion. 
MCDONOUGH, J. J. and BULAONG, R. (1960) Amer. J. Obstet. Gynec., 80, 466 
(September). 4 refs. (After vaginal hysterectomy.) 
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Clinical experiences with metaraminol as a vasopressor agent in spinal anesthesia. 
MUNCHOW, O. B., GRANATELLI, A. F., COLLINS, V. J. and ROVENSTINE, 
E. A. (1960) Anesthesiology, 21, 471 (September). 14 refs. 


MUSCLE RELAXANTS 


The suxamethonium-pseudocholinesterase relationship. STODDART, J. C. (1960) 
Brit. J. Aneesth., 32, 466 (October). 12 refs. 

Prevention, diagnosis and treatment of prolonged apnoea. CHURCHILL- 
DAVIDSON, H. C. and WISE, R. P. (1960) Brit. J. Anesth., 32, 384(August). 
5 refs. 


OBSTETRICAL ANASTHESIA AND ANALGESIA 


Influence of post-spinal hypotension on the foetal electrocardiogram. EBNER,H., 
BARCOHANA, J. and BARTOSHUK, A. K. (1960) Amer. J. Obstet. Gynec., 
80, 569 (September). 7 refs. 

Some observations on anoxia as a cause of death in the foetus and newborn. 
CLAIREAUX, A. E., FRASER, A. C. and MARSHALL, w. C. (1960) J. Obstet. 
Gynec. Brit. Emp., 67, 763 (October). 10 refs. 


PHYSIOLOGY AND PHARMACOLOGY 


The principles of drug action. PATON, w. D. M. (1960) Proc. Roy. Soc. Med., 53, 
815 (October). 

Cardiac output during and following surgical operations. HEILBRUNN, A. and 
ALLBRITTEN, F. F. (1960) Ann. Surg., 152, 197 (August). 46 refs. 

Changes in pulse rate and rhythm associated with the use of succinylcholine in 
anesthetised children. CRAY THORNE, N, W. B., TURNDORF, H. and DRIPPS, 
R. D. (1960) Anesthesiology, 21, 465 (September). 8 refs. 

Skeletal muscle, cesophageal and rectal temperatures in man during general 
anesthesia and operation. WOLLMAN, H. and CANNARD, T. H. (1960) 
Anesthesiology, 21,476 (September). 10 refs. 

Laboratory and clinical experiences with gluthetimide. STEPHEN, C. R. and 
DUVOISIN, P. M. (1960) Anesthesiology, 21,482 (September). 8 refs. 

Renal and cardiovascular effects of halothane. BLACK MORE, W. P., ERWIN, K. W., 
WIEGAND, O. F. and LIPSEY, R. (1960) Anesthesiology, 21, 489 (September). 
13 refs. 

Anesthesia LXII: the effect of hexafluorodiethy! ether and trifiuoroethyl vinyl 
ether on cerebral metabolism. LING, A. Ss. C. and KRANTZ, J. C. (1960) 
Anesthesiology, 21, 518 (September). 15 refs. 

Adrenocortical mechanism related to anesthesia. VANDAM, L. D. and MOORE, 
F. D. (1960) Anesthesiology, 21, 531 (September). Review article, 164 refs. 

The fate of hexamethonium and related compounds. LEVINE, R. R. (1960) 
J. Pharmacol., 129, 296 (July). 20 refs. 

Studies of analgesic drugs. III. Dextromoramide and a comparison of methods of 
estimating pain relief in man. KEATS, A. S., TELFORD, J. and KUROSU, Y. 
(1960) J. Pharmacol., 130,212 (October). 21 refs. 

The solubility of volatile anesthetics in oil. NUNN, J. F. (1960) Brit. J. Anesth., 
32, 346 (August). 8 refs. 

Pharmacological agents for the control of spontaneous ventricular fibrillation 
under progressive hypothermia. ANGELAKOS, E. T. and HEGNAUER, A. H. 
(1959) J. Pharmacol., 127, 137 (October). 42 refs. (None were totally effective.) 
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The importance of the dissociation constant and lipid-solubility in influencing the 
passage of drugs into the cerebrospinal fluid. BRODIE, B. B., KURZ, H. and 
SCHANKER, L. S. (1960) J. Pharmacol., 130, 20 (September). 31 refs. 

Chlorpromazine. III. The effects of chlorpromazine and chlorpromazine sulfoxide 
on vascular responses to l-epinephrine and levarterenol. MARTIN, W. R., 
RIEHL, J. L. and UNNA, K. R. (1960) J. Pharmacol., 130, 37 (September). 
15 refs. 

The fate of atropine in man. GOSSELIN, R. E., GABOUREL, J. D. and WILLS, J. H. 
(1960) Clin. Pharmacol. and Therap., 1, 597 (September—October). 11 refs. 
Theclinical pharmacology oflocalanesthetics. ADRIANI, J. (1960) Clin. Pharmacol. 

and Therap., 1, 645 (September—October). 156 refs. 

The effects of narcotics and narcotic antagonists upon respiration and circulation 
in man, A review. ECKENHOFF, J. E. and OECH, S. R. (1960) Clin. Pharmacol. 
and Therap., 1,483 (July-August). 262 refs. 

Experiments on the pharmacology of hydroxydione sodium succinate (viadril). 
LERMAN, L. H. and PATON, w. D. M. (1960) Brit. J. Pharmacol., 15, 458 
(September). 4 refs. 

The influence of changes in blood ph on the neuromuscular blocking properties 
of tubocurarine and dimethyl tubocurarine in the cat. PAYNE, J. P. (1960) 
Acta anesth. Scandinav., 4, 83. 4 refs. 

Effect of changes in blood CO, level on coronary flow and myocardial O-> 
consumption. FEINBERG, H., GEROLA, A. and KATZ, L. N. (1960) Amer. J. 
Physiol., 199, 349 (August). 21 refs. 

Alterations in response to somatic pain associated with anesthesia. 

I An evaluation of a method of analgesimetry. DUNDEE, J. W. and 
MOORE, J. (1960) Brit. J. Anesth., 32, 396 (September). 16 refs. 
Il The effects of thiopentone and pentobarbitone. DUNDEE, J. Ww. (1960) 
Brit. J. Anesth., 32,407 (September). 9 refs. 
Ill The effect of hydroxydione. DUNDEE, J. w. (1960) Brit. J. Anasth., 32, 
450 (October). 4 refs. 
IV The effects of subanesthetic concentrations of inhalation agents. 
DUNDEE, J. Ww. and MOORE, J. (1960) Brit. J. Ana@sth., 32, 453 
(October). 24 refs. 


RESUSCITATION 


The use of citrated banked blood for open heart surgery. ZUHDI, N., 
MCCOLLOUGH, B., CAREY, J. and GREER, A. (1960) Anesthesiology, 21, 496 
(September). 11 refs. 

Oxygen administration to the mother and its relation to blood oxygen in the 
newborn infant. MCCLURE, J. H. and JAMES, J. M. (1960) Amer. J. Obstet. 
Gynec., 80, 554 (September). 2 refs. 

Cardiac massage without thoracotomy. (1960) Brit. med. J., 2, 1582 (November 
26). Annotation, 6 refs. 

Treatment of carbon-monoxide poisoning with oxygen under pressure. SMITH, G. 
and SHARP, G. R. (1960) Lancet, 2, 905 (October 22). 

Cardiac arrest treated by elevation of the limbs for fifteen seconds. WOODWARD, 
w. w. (1960) Lancet, 2, 1120 (November 19). 3 refs. 


TREATMENT AND MEDICATION 


The treatment of post-operative pulmonary atelectasis with intermittent positive 
pressure breathing. BECKER, A., BARAK, S., BRAUN, E. and MEYERS, M. P. 
(1960) Surg. Gynec. Obstet., 111, 517 (October). 29 refs. 
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Treatment of respiratory paralysis in small children. POWELL, B. Ww. and 
SMITH, M. N. (1960) Lancet, 2, 1241 (December 3). 5 refs. 

Respiratory crisis after thymectomy in patients with myasthenia gravis. 
PENNINGTON, G. W. and EDWARDS, F. R. (1960) Thorax., 15, 262 (Septem- 
ber). 8 refs. 

Resuscitation of stillborn infants by cardiac massage. JACOBSON, L. and 
GJESSING, J. (1960) Acta anesth. Scandinav., 4, 67 (fasc. 2). 42 refs. 

The management of the patient with respiratory insufficiency. FAIRLEY, H. B. and 
CHAMBERS, R. A. (1960) Canad. Anesth. Soc. J., 7,447 (October). 125 refs. 

Rectal pentothal in paediatric anesthesia. BENSON, F. and SAARNE, A. (1960) 
Acta anesth. Scandinav., 4, 51 (fasc. 2). 29 refs. 


RESEARCH PRIZES - 1962 


The Association of Anesthetists of Great Britain and Ireland is offering 
three prizes annually (of £100, £50 and £25) for papers based on research 
in anesthesia or related subjects. Entrants need not be members of the 
Association, but the work described must have been carried out in Great 
Britain, Ireland or the British Commonwealth. Papers shall not exceed 
5,000 words in length and shall be typewritten in English. Three copies of 
the essay shall be submitted. 

Papers must be original, and refer to work which has not previously been 
published, though an exception to this rule will be made in the case of 
papers which have been published in the journal ‘Anesthesia’ during the 
preceding year. Prize winning entries will become the property of the 
Association. 

The decision of the Council of the Association of Anzsthetists in all 
matters relating to the research prizes shall be final. Essays shall be 
submitted to the Honorary Secretary of the Association of Anesthetists 
of Great Britain and Ireland, 47 Lincoln's Inn Fields, London WC2, on or 
before 30th March 1962. 
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ANASTHESIA ADVERTISEMENT 


introduce 
THE SEALEY Portable 


DEFIBRILLATOR 


—ready for immediate use 
in cardiac emergencies 


DESCRIPTIVE LITERATURE 
AVAILABLE ON REQUEST 


NOTE: This Portable Defibrillator is only 
one of a comprehensive range of Sealey Electrical 
Cardiac Resuscitation Apparatus, including 
internal and external defibrillators and cardiac 
pacemakers. 


SOLE WORLD DISTRIBUTORS 


ALLEN & HANBURY S LTO  (Surgicai Divisiorn LONDON €E2 
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ADVERTISEMENT ANASTHESIA 


General Anesthesia 
for Dental Surgery 


S. WALSH 


‘The main content of the book, dealing with all the 
clinical aspects of anzsthesia in the dental chair, 
completely achieves the author’s aim. It is detailed and 
very practical, the two important points which are so 
essential to success .. . A very good vade-mecum for 
the dental anesthetist, whether general practitioner, 
student or consultant.’ ¥. Rochford, The Medico-Legal 
Journal 


‘An excellent account of the various techniques employ- 
ed with just enough theoretical matter to make them 
logical.’ Anesthesia 


‘A primer for students and general practitioners of 
medicine and dentistry . . .The text is well-written and 
very adequately illustrated .. . A book that can be 
heartily recommended.’ The Lancet 


2ls. 


LONGMANS, GREEN & CO. LTD. 


48 GROSVENOR STREET, LONDON, W.I 
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Correspondence 


MAINTENANCE OF PIPED OXYGEN SUPPLIES 


The Editor, Anesthesia 
Sir, 


Cylinder manifolds feeding oxygen pipelines in hospitals are all fitted with 
connectors adapted to be coupled to cylinder valves, having an outlet in accor- 
dance with British Standard 341, which is gins right hand female thread. This 
type of valve is fitted to oxygen cylinders of 48cu ft capacity and upwards and 
also to cylinders in this range which are used for compressed air, nitrogen, 
helium, helium/oxygen mixtures and oxygen/carbon dioxide mixtures. It is thus 
possible, for example, for a compressed air cylinder to be inadvertently connected 
to an oxygen pipe line. Personnel responsible for the maintenance of piped 
oxygen supplies should be reminded of this fact, and of the recommended code 
of practice with regard to the storage and handling of cylinders and the system of 
cylinder identification laid down in British Standard 1319:1955. Cylinders are 
painted in the characteristic colour according to the colour code shown in this 
BSI standard and, of course, also bear a printed label to identify the contents. 


Yours faithfully, 
H. J. V. Morton, 
Honorary Secretary, Association of Anesthetists 


|i I) [ ( | The Council of the Association will be 
| | | () \ Ny pleased to consider applications from 
Fellows or Members needing financial 

assistance for educational or research 

purposes. Applicants for travel grants should state the objects 

of their proposed visits and submit fully detailed itineraries. 
Applicants for grants for research 

should state not only the objects of 

their investigations but also their 

proposed methods of experimenta- 

tion. In all cases applicants should 

provide evidence that they have been 

unable to procure any or all of the necessary assistance from 
local sources. Any apparatus acquired through this fund re- 
mains the property of the Association 


of Anesthetists and must be made 
| \ 1) available for the use of other Fellows 
or Members if subsequently required. 
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focus on 
anaesthesia 


This address is more than a familiar name to anaesthetists 
the world over. On display are examples 
of all the anaesthetic apparatus, resuscitation and 
oxygen therapy equipment and accessories supplied 
by British Oxygen—of which demonstrations can 
readily be given. And here is helpful information about 
the whole British Oxygen medical range. There is also 
a comprehensive anaesthetic reference library open 
to all visitors . . . a special display of interesting 
early equipment . . . facilities for the loan of equipment 
and lecturing aids for speakers . . . and an 
experimental workshop actually on the premises. 
Please call and see us. You are always welcome at no. 27. 


THE BRITISH OXYGEN COMPANY LIMITED 


MEDICAL DEPARTMENT - 27 DEVONSHIRE STREET : LONDON W.1. co) 
TELEPHONE: WELBECK 2202 aD) 
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ANASTHESIA ADVERTISEMENT 


NEW 


PENTOTHAL 


in disposable rectal _—_ 


A new dosage form of Pentothal is now available — Rectal 
Pentothal Suspension—supplied in a disposable syringe. This is 
a specially designed plastic syringe called the Abbo-Sert which 
is ready for immediate use. It is provided with two detachable 
rectal applicators. Rectal Pentothal Suspension in the Abbo- 
Sert offers significant advantages: 


© No necessity to prepare the drug. 
Smaller volume of drug. 
No need for bowel preparation. 
Obviates the need for buttock strapping. 
Absorption uniform. 
© Onset of action gradual and consistent. 
Pentothal is the original form of Thiopentone Sodium B.P. and 
was developed by Abbott nearly 25 years ago. 
New Rectal Suspension is a useful addition to the existing range 
of Pentothal dosage forms. 


ABBOTT LABORATORIES LTD - LONDON - wal 
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Book Reviews 


FUNDAMENTALS OF NERVE BLOCKING 


VINCENT J. COLLINS with the assistance of the late 
EMERY ANDREW ROVENSTINE 


Pp. 354. Figs. 144. Henry Kimpton, London. Price 71s. 6d. 


In order to avoid disappointment, the reader of this book should realise that it 
deals hardly at all with local analgesia for surgical operations, but is concerned 
almost entirely with therapeutic and diagnostic nerve blocks. It is really a 
description of the methods taught and used at the Nerve Block Clinic at the 
Bellevue Hospital, New York. 

The first part of the book is devoted to fundamental principles and includes 
detailed information about all the drugs in common use. In the second part, the 
various techniques employed for many nerve blocks are clearly explained, with 
the relevant anatomical features illustrated with numerous diagrams. In discussing 
permanent spinal analgesia for intractable pain, it is surprising that while alcohol 
and the ammonium salts are described, no mention is made of Maher’s .echnique 
using phenol and glycerine, which has proved so useful on this side of the 
Atlantic. 

The book is very well produced and should prove of much value to anesthetists 
concerned with therapeutic blocks. 


PRINCIPLES OF GENERAL NEUROPHYSIOLOGY 
RELATING TO ANASTHESIA AND SURGERY 


BARRY D. WYKE 
Pp. ix+ 136. Figs. 26. Butterworth & Co (Publishers) Ltd, London. Price 21s. 


This book is a reprint of Chapter 5 in Volume I of ‘General Anesthesia’ edited by 
Dr Frankis Evans and Professor Cecil Gray and reviewed in this journal in 
April, 1960. 

Dr Wyke considers his subject under three divisions, viz: Cellular Neuro- 
physiology, Interneuronal Communication and Cerebral Circulation and 
Metabolism. A bibliography is appended to each of these sections and the book 
should prove most useful to students whose main interest is not anesthesia. 


ANASTHETIC ACCIDENTS 
Vv. KEATING 


Pp. vii+288. Figs. 14. Second edition. Lloyd-Luke (Medical Books) Ltd, 
London. Price 28s. 


The first edition of ‘Anzsthetic Accidents’ fulfilled a useful function in calling 
attention to the often disregarded sequelz of general and local anesthesia. After 
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five years, increasing knowledge has necessitated revision and Dr Keating has 
performed his task well, the new volume being twenty-eight pages longer and 
containing much additional information. The chapter on the side actions of 
relaxants is particularly well written, but in a book of this nature the section on 
medico-legal considerations surely deserves more than two-and-a-half pages. A 
useful list of references is given at the end of each chapter and there is a fairly 
adequate index. 


RESUSCITATION OF THE NEWBORN INFANT 
HAROLD AMBRAMSON (EDITOR) 
Pp. 274. Henry Kimpton, London. Price 75s. 


This well produced book is the work of twenty-four American authors, including 
Dr Virginia Apgar whose specialised work in this field is widely known. All of the 
contributors are members of the Specia’ Committee on Infant Mortality of the 
Medical Society of the County of New York: they include anesthetists, 
obstetricians and pediatricians. 

After chapters on physiology and pathology, factors predisposing to infant 
mortality and morbidity are discussed in detail. The measures recommended in 
the chapter on resuscitation procedures in the delivery room are in line with 
up-to-date British practice as illustrated below. ‘Asphyxia is the major factor 
responsible for perinatal mortality’ (p89). When respiration is slow to start, 
inflation of the lungs with oxygen is advised, preceded by aspiration and clearing 
of the airway and intubation of the trachea if necessary (p141—159). 

The reviewer is glad to see intragastric oxygen condemned as ‘ineffective and 
possible harmful’ (p154). ‘Artful inactivity’, as it is frequently phrased, rather 
than saving the life of an infant may actually result in an artless death’ (p157). 

‘As in any other state of asphyxia, reliance should be placed primarily on the 
mechanical supports of the respiration and the administration of oxygen under 
pressure, rather than on the usually fruitless efforts to stimulate the respiratory 
centre by the injection of drugs’ (p169). 

Few anesthetists will agree with the suggestion (p111) that trichlorethylene is 
a more potent alternative than deep cyclopropane for the rapid production of 
uterine relaxation when this is indicated. 

This detailed account of American methods will be of interest to workers in 
this field, others will find the book useful for reference. 


HYPOTHERMIA AND THE EFFECTS OF COLD 
British Medical Bulletin. Vol. 17. No. 1. January, 1961. Pp. 78. 
Published by the Medical Department, The British Council, London. Price 20s. 


The current number of The British Medical Bulletin is devoted to hypothermia, a 
subject of much interest to anesthetists. This symposium comprises fourteen 
contributions from British workers who are in the forefront of research into the 
understanding and development of this comparatively recent therapeutic tech- 
nique. Dr A. S. Parkes is the scientific editor and chairman of the committee 
planning this issue while Dr O. G. Edholm has written the introduction. The 
publication can be confidently recommended to all who desire the latest views on 
all aspects of hypothermia. 
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Obituary 


We regret to announce the death of Dr Emery Andrew Rovenstine on 9th Novem- 
ber 1960 at the age of sixty-five. 

Dr Rovenstine was a Past President of the American Society of Anesthesiologists 
and received its Distinguished Service Award in 1957. He was a founder of the 
American Board of Anesthesiology and its President in 1940. He served in both 
World Wars and up to a month from his death was the Director of Anesthesia at 
the Bellevue Hospital, New York. Dr Rovenstine was probably best known in 
Great Britain for his work on developing therapeutic nerve blocks and in this 
issue will be found the review of a book on this subject in which he collaborated 
with Dr Vincent Collins. 


RESEARCH TRUST FUNDS 


The Council of the Association will be pleased to consider applica- 
tions from Fellows and Members needing financial assistance for 
educational or research purposes. Applicants for travel grants 
should state the objects of their proposed visits and submit detailed 
itineraries. Applicants for grants for research should state not only 
the objects of their investigations but also their proposed methods 
of experimentation. In all cases applicants should provide evidence 
that they have been unable to procure any or all of the necessary 
assistance from local sources. Any apparatus acquired through 
this fund remains the property of the Association and must be 
made available for the use of other Fellows or Members if 
subsequently required. 
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Association News 


We are happy to announce that Dr A. C. Forrester and Dr W. N. Rollason have 
been appointed to serve on the Panel of Advisers to the Journal. 


The following programme is being arranged for the Annual Meeting, to be held at 
The Royal College of Surgeons in Ireland, Dublin, in October: Wednesday 18th, 
6-8pm, Cocktail Party by invitation of the President and Council of the Associa- 
tion; Thursday 19th, Annual General Meeting, John Snow Lecture, Annual 
Dinner; Friday 20th, Scientific Papers, visit to the Abbey Theatre followed by a 
Reception; the programme for Saturday 21st is to be arranged. A programme for 
ladies is being arranged. The Shelbourne Hotel, Dublin, is reserving a number of 
rooms at a special conference rate; in making reservations here, Fellows and 
Members should state that they will be attending the Annual Meeting. The Irish 
Tourist Board will shortly be circulating information regarding other hotels in 
Dublin, travelling arrangements, etc. 


Oxygen and Compressed Air. It has come to the notice of the Council that an 
accident recently occurred whereby a compressed air cylinder was attached, by 
mistake, to an oxygen pipe-line. It does not appear to be generally known that 
while the usual size gas cylinders are non-interchangeable, owing to the pin-yoke 
system, this does not apply to the large commercial cylinders. This matter is being 
referred to the proper authorities, but in the meantime anesthetists should bear 
in mind the possibility that oxygen is not necessarily coming through a valve 
labelled with that name. It may also be recalled (Anesthesia, 1960. Vol. 15. No. 1. 
p. 101) that in Australia a batch of ‘oxygen’ cylinders was delivered which in fact 
contained compressed air. 

(A letter on this subject appears under ‘Correspondence’.) 


The Institute of Dental Surgery (Gray’s Inn Road, London, WC1) is holding a 
Conference on Dental Anzsthesia on 8th and 9th June 1961. 


8th June 
9.30am Address of Welcome — Professor R. V. Bradlaw 
9.45am Symposium on Intravenous Anesthesia 
Chairman Dr Ronald Jarman 
Openers 1 Dr Douglas Young 
2 Dr M. Swerdlow 


COFFEE 
The Difficult Patient 
Chairman Professor Ronald Woolmer 
Openers 1 DrW.S. McConnell 
2 Dr V. Goldman 


LUNCH 

Safety and Emergencies 

Chairman _ Dr Patrick Shackleton 
Opener Dr John Beard 
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EFFECTIVE 


TACTICS 


A smooth, sustained and powerful vasopressor 
effect is obtained in cases of shock when treated 
with ‘ARAMINE’ injection. Main advantages are: 

(1) Three routes offered 

(intravenous, intramuscular and subcutaneous) 

(2) Prompt, repeated response te repeated injections 

(3) Sure, flexible control of blood-pressure 
Disadvantages which are often associated with 
other vasopressors- such as secondary fall in 
blood pressure, cardiac arrhythmias and tissue 
sloughing - are not to be expected when injected 
as recommended. 


How supplied: In 1 ml. ampoules and 10 ml. vials (10 mg. per 
ml.). Literature available on request. 


by three life-saving routes... 


Injection ARAMINE.... 


Metaraminol bitartrate 
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a time for relaxation... 


A short time or a long time for muscular 
relaxation ? B.W. & Co. provide a product 
for each need : 


‘“ANECTINE ?.. injection of Succinyicholine Chloride 


The first choice for procedures requiring rapid muscular 
relaxation of brief duration. 


TU BAR N E Preparations of Tubocurarine Chloride 


The most widely-used muscle relaxant ; unsurpassed for 
prolonged procedures, and where profound relaxation 
is required. 


B.W.&CO. Muscle Relaxants 


BURROUGHS WELLCOME & CO. (The Wellcome Foundation Ltd.) LONDON 
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TEA 

Conditions in America 

Chairman Dr F. W. Clement 

Opener Dr K. C. McCarthy 

RECEPTION AND DINNER AT ZOOLOGICAL GARDENS 


9th June 
Legal Aspects of Dental Anesthesia 
Chairman Miss K. G. Lloyd Williams 
Openers 1 Sir William Bentley Purchase 

2 Surgeon-Captain J. S. L. Coulter 


11.00am COFFEE 
11.15am Dental Anesthesia in the Services 
Chairman Dr John Gillies 
Openers 1 Surgeon Rear Admiral W. Holgate 
2 Major-General H. Quinlan 
3 Air Vice Marshal R. Scoggins 
- Colonel K. Stephens 


LUNCH 
Teaching of Dental Anesthesia 
Chairman Professor R. V. Bradlaw 
Undergraduate Teaching 1 Dr T. Dinsdale 
2 Dr McGregor Rose 


3.15pm TEA 
3.30pm Chairman Dr Geoffrey Organe 
Postgraduate Teaching 1 Dr V.Goldman 
2 Dr Campbell Dewar 


10th June. Edward Lumley Hall, Royal College of Surgeons — 10.00am and 
3.00pm. Closed circuit colour television demonstrations from Oral Surgery 
Department, Eastman Dental Hospital. 


Faculty News 


Election to the Board. At the Election to the Board held, after a postal ballot, on 
8th March, the following Fellows in the Faculty were elected to the vacancies 
occasioned by the retirement in rotation of Dr John Gillies, Professor Sir Robert 
Macintosh and Professor T. C. Gray, of whom only Professor Gray offered 
himself for re-election; Professor T. C. Gray, Dr C. F. Scurr and Dr J. D. 
Robertson. 


Honorary Fellowship in the Faculty. On the recommendation of the Board of 
Faculty, the Council of the Royal College of Surgeons of England has elected 
Dr Edward Falkner Hill to the Honorary Fellowship in the Faculty. 


Joseph Clover Lecture. Dr Geoffrey Organe, FFARCS, has been appointed 
Joseph Clover Lecturer for 1962. 
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Scientific Meeting. There will be a one-day meeting on ‘Hypothermia’ on 
Saturday 6th May 1961, at the Royal College of Surgeons of England. Particulars 
may be obtained from the Secretary of the Faculty. 


Courses. A course of lectures, demonstrations and tutorial discussions will be 
held from 10th to 21st April and from 2nd to 13th October 1961. There will be a 
course for Consultants and Senior Hospital Medical Officers from 2nd to 4th 
November 1961. 


Nuffield Prizes have been awarded on the results of the Primary FF ARCS examina- 
tion to Dr Margaret Annie Branthwaite, MB, BCh (University of Cambridge and 
University College Hospital) and Dr Arumugam Ganendran, mB, ChB (University 
of Bristol). 


Primary FF ARCS. Forty-three of the one hundred and sixty-six candidates at 
the examination held in December were approved. Ten candidates took the 
examination in Colombo in January and of these two were successful. 


Final FFARCS. At its meeting on 9th February the Council of the Royal College 
of Surgeons of England approved the award of the Diploma of Fellow in the 
Faculty of Anesthetists to the following: 


Youngman, Patrick Breed, Joan Hutley 
Michael Ellis 


Battersby,Edward Fletcher 


Shelley, Frederick Charles 


Scott, Betty Victoria 

Irvine, Ruth Robson 

Carvel, Mercedes Daisy 

Archer, Charles John 
Trevail 

Hegarty, William John 


Buck, Mavis 

Davies, John Alan Hugh 
Dutta, Hemanta Kumar 
McQuade, Patrick John 


Thomson, Charles Wilson 
Unkles, Roderick Dewar 
Yorston, Malcolm Bruce 
Clarke, Richard Samuel 


Campbell, Sheena Wight 
Craig, Henry Jeremy Lee 
Francis, John Gwilym 
Leonard, Edward George 
Porteous, Robert 
Stafford, Miriam 
Breslin, Desmond 
Anthony Colum 
Churcher, Mark Duncan 
Clayton, James Ivor 
Clement, Anthony John 
Hargreaves, Michael 


Barker, John 

Love, William Jeffrey 

Burns, Margaret Elizabeth 

McLaren, Colin Alban 
Bryant 


Weinreich, Avron Ivan 


Knight, Ronald Frank 
Monro, James Armour MacRae, William Rennie 


Murdoch, Sandra 


Faculty of Anaesthetists, Royal College of Surgeons in Ireland 


The inauguration of this Faculty was described in the January 1961 issue of 
‘ Anesthesia’. The ‘Irish Journal of Medical Science’ has devoted the whole of its 
November 1960 issue to the scientific proceedings at this meeting, which com- 
prised a symposium on Levels of Anzsthesia, based on papers read by seven 
contributors. Copies of this issue can be obtained from Carhill & Co Ltd, Parkgate 
Printing Works, Dublin, price 2s. 6d. 


Dennison, Peter Hendley i 
Nainby-Luxmore, 
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Brine, Peter Ashley 
= | 
Jessop 
Conway, Conn Francis Denham : 
Davis, Roy Edward Hayes, Martin Edward i 
Edwards, Patricia Ann Broughton i 
q 
i 


ADVERTISEMENT ANASTHESIA 


BRITISH OXYGEN 


| equipment and gases used 
daily in the of medicine 


CYCLATOR pe Pp shark 


The CYCLATOR Type P Mark | is an inter- 
mittent positive pressure lung ventilator of 
the pressure cycling controller type. It is 
intended mainly for use on the open circuit 
of a Boyle type anaesthetic apparatus for 
automatic controlled respiration. 

Controls are provided permitting variation 
of lung inflation pressure up to 35 cms. 
H2O, and expiratory time between 4 second 
and 30 seconds. 


FOR DETAILED INFORMATION PLEASE GET IN TOUCH WITH: 


THE BRITISH OXYGEN COMPANY LIMITED 
MEDICAL DEPARTMENT, SPENCER HOUSE, 27 ST. JAMES’S PLACE, LONDON, S.W.1 (©) 
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Commonwealth and Foreign News 


We are glad to see that the American Society of Anesthesiologists is making yet 
another attempt to persuade the manufacturers of anesthetic gases to conform 
to the international colour code for medical gas cylinders. The Association of 
Anesthetists organised the first combined committee to investigate this matter 
during the war, when much concern was felt over fatalities due to mistaking 
carbon dioxide for oxygen. British anesthetists were accustomed to green 
cylinders containing carbon dioxide, while American cylinders, painted green, 
contained oxygen. It was not until 1957 that final agreement was reached by the 
International Organisation for Standardisation, and while British manufacturers 
adopted the code, the American ones have still not done so. It is to be hoped that 
the dangerous green colouring for oxygen cylinders will be changed to black 
with white tops without further delay. 


Under the auspices of the World Federation of Neurology a Commission of 
Neuroanesthesia was formed at a meeting of anesthetists interested in neuro- 
anesthesia, at Antwerp in July 1960. It has the following objectives: (1) To 
facilitate the teaching of neuroanesthesia by drawing attention to its problems 
and by promoting exchanges between anesthetists in different countries. (2) To 
promote research in neuroanesthesia. (3) To prepare colloquia on special themes 
and to send observers to congresses and colloquia concerned with neuro- 
anesthesia. 

A report of these activities will appear in ‘World Neurology’, the official 
monthly journal of the World Federation of Neurology and in other appropriate 
journals. In addition, a central library at Institut Bunge in Antwerp will gather 
information related to neuroanesthesia and authors are asked to send to this 
library reprints of their publications in the field of neuroanesthesia. 

Further information can be obtained from the secretaries, Professor G. 
Vourc’h, 54 rue Faubourg-St-Honore, Paris 8*, France; Dr H. R. Terry Jr, 
Mayo Clinic, Rochester, Minn., U.S.A. and the joint secretary Docteur A. 
Soetens, Institut Bunge, 59 rue Philippe Williot, Berchem-Anvers, Belgium. 


The World Health Organisation is urgently seeking to recruit additional staff al/ of 
whom must speak fluent French, for the health services in the ex-Belgian Congo. 

Over a hundred vacancies exist for physicians, surgeons, anesthetists, micro- 
biologists, public health officers, pharmacists, radiographers and various field and 
laboratory technicians at salaries ranging from $3,600 to $7,300. The candidates 
are being recruited by the WHO on the assumption that they may after a suitable 
period be offered long-term contracts by the Congolese Government. 

All interested should write for full details to the Regional Director, World 
Health Organisation, 8 Scherfigvej, Copenhagen, Denmark. 


In 1952 The Finnish Society of Anesthesiologists started with four members who all 
had got their training abroad. Having overcome the first difficulties so character- 
istic of all countries trying to organise their anesthesia service, it can be said that 
the development has been fairly fast and that now most Finnish surgeons know 
the conception ‘anesthesiologist’ and wish there were more of them. 

Today the society includes more than forty members and since 1956 it has had 
the possibilities and resources to train new anesthetists in Finland. Its present aim 
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is to get more anesthetists to the provinces, since the majority now work in 
Helsinki and six only in the rural districts. 

In order to increase the fundamental knowledge among its members, The 
Finnish Society of Anesthesiologists arranged a postgraduate course in the 
autumn of 1960. Pediatric anesthesia was selected as the principal topic of the 
course on account of its current interest and increasing importance, and because 
most anesthesiologists are faced with it only occasionally, thus acquiring little 
practical experience. With the aid of the most prominent Finnish authorities 
among pediatricians, surgeons and physiologists and, above all, thanks to a 
foreign lecturer, Dr Keith Sykes from the Postgraduate Medical School, London, 
who has been of great help, it was possible to get a fairly comprehensive general 
view of this intricate problem. 


The Department of Anesthesia of the Shaio Foundation of Bogota, Colombia is 
holding an international symposium on ‘Anesthesia for thoracic surgery’ from 
1-4th August 1961. Experts on this subject from many countries have been 
invited. Interested readers should communicate with Dr Oscar Tonelli, Clinica, 
Carretera de Suba, Bogota, Colombia. 


Published by 


THE ASSOCIATION OF ANASSTHETISTS OF GREAT BRITAIN & IRELAND 
47 LINCOLN’S INN FIELDS, LONDON WC2, ENGLAND 


Neither the Editor nor the Association is in any way responsible for the statements made 
or the views expressed by the contributors 
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The best of the current literature in brief... 


Survey of. Anesthesiology 


Edited by C. Ronald Steven First published 1957 


A bi-monthly survey of worldwide literature relating to 
anesthesiology, in succinct condensations to which are 
appended pithy editorial comments. 

The logical solution to the doctor's dilemma of more 
and more literature and less and less time in which to 
read it. The fastest growing journal in the field. 

Adds breadth of coverage to the depth you are now 
getting from the standard journals. Subscribe today! 


Organized under the following headings 
Editorial Pharmacology Physiology Biochemistry 
Metabolism Techniques General anesthesia 
Spinal and regional anesthesia Pediatric anzesthesia 
Geriatric anzesthesia Preoperative care 
Postoperative care Classical file 


Published bi-monthly, one volume a year, by 
THE WILLIAMS & WILKINS COMPANY 
Baltimore, Maryland, U.S.A 

Volume 5 current in 1961 


Available in the United Kingdom from 
Bailliére, Tindall & Cox, Ltd 
7 & 8 Henrietta St., Covent Garden, London, W C 2 
Annual subscription £4: 6:0 postage paid 
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CANADIAN ANESTHETISTS’ 
SOCIETY JOURNAL 


R. A, GORDON, C.D., B.SC., M.D., F.R.C.P.(C), F.F.A.R.C.S. 


Editorial Board 
ALAN B. NOBLE, M.D., F.A.C.A. 
Louis LAMOUREUX, M.D, 
E. A. GAIN, B.A., M.D, 
Leon LONGTIN, M.D., F.R.C.P.(C) 


The Journal is issued quarterly for Members of the Society 


and Subscribers. It contains original articles and reviews 
on clinical and basic science subjects related to Anesthesia. 


Annual Subscription $8.00 (£3 1s. Od.) post paid 


Through your Bookseller or 


The Secretary 
Canadian Anesthetists’ Socie*y 
178 St. George Street 
Toronto 5, Ontario, Canada 
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CURRENT RESEARCHES 


Journal of the International Anesthesia Research Society — Enlarged and Modernized 
© 50 to 80 poges of scientific material by © Color printing and cartoons, for 


leading anesthesiologists, 6 times a year. easier readability. 
© A capsule review of ail scientific articles © A review of new drugs and equipment. 
at a glance. © Office hints, material for your secretary, 


© Strictly Personal—a column of opinion written book reviews. 
by anesthesiologists for anesthesiologists. © Comprehensive biographies of the leaders in 
anesthesiology. 


© Biographies and photographs of all the © Letters and opinions in the editor's 
authors. special column. 


International Anesthesia Research Society and 
Anesthesia and Analgesia - - - Current Researches 


Membership Application and Subscription Blank 


A. William Friend, M.D., Executive Secretary 19. 
Wade Park Manor, Cleveland 6, Ohio, U.S.A. 


I enclose my check ( ) money order ( ) for $15.00. Enter my Membership 
for the Society ( ) and Subscription to Journal ( ). 


Name. Degree. 
Street 
City tate, Country. 


Printed in Great Britain by George Pulman & Sons, Ltd. 
24-27, Thayer Street, London, W.1. 
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